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III. Conclufion of the Experiments and Ohfervathns concerning the 
Attractive Powers of the Mineral Acids, By Richard Kir- 
wan, Efq. F. R. S. 



Read Dec. 12, 1782. 

HAVING found, as exactly as I was able, the quantity of 
each of the mineral acids taken up at the point of fatu- 
ration by alkalies and earths, and alfo that taken up by phlo- 
gifton, when thefe acids are by it converted into an afe'rial form, 
I next endeavoured to find how much of thefe acids was taken 
up at the point of faturation by each of the metallic fubftances,, 
and for this purpofe procured the moil faturated folution poffi- 
ble of each metallic fubftance foluble in any of thefe acids. 
Thefe folutions did not. indeed, immediately anfwer my pur- 
pofe, as they conftantly retained an excefs of acid ; yet as they 
were the foundation of my fubfequent obfervations, and as the, 
experiments themfelves are in many refpefts ufeful to be known, 
I fhall here briefly relate their refult, and confine myfelf to 
thofe circumftances fingly that relate to my future inveftiga- 
tions, or that have not heretofore been fatisfa6lorily explained. 
T-he acids I ufed were dephlogifticated fo far as to be colourlefs ; 
the metals were for the moft part very fine filings, or reduced 
in a mortar to a fine powder. They were added little by little 
to their refpe6tive menilruums, much more being thus dillblved 
than if the whole was thrown in at once ; and the folution 
%vas performed in glafs phials with bent tubes. 

Solution 
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Solution of iron in the vitriolic acid. 

loo grs. of bar-iron, in the temperature of ^(i°, require for 
their folution, 190 grs. of real acid, whofe proportion to that 
of the water with which it fhould be diluted, is as i to 8, 10, 
or 1 2. It would aft on iron, though its proportion were 
greater or leffer, but not fo vigourouflj. If towards the end a 
heat of 200° were applied, 1 33 grs. of real acid would be 
fufficlent. 

The air produced by this folution is intlrely inflammable, and 
generally amounts to 155 cubic inches. 

Iron is alfo foluble with the affiftance of a ftrong heat, and 
in fmaller quantity in concentrated vitriolic acid; and in this 
cafe fcarce any inflammable air is produced,, but a large quan- 
tity of vitriolic air as Dr. priestley has obferved, and afmall 
quantity of fulphur fublimes at the latter end. This fa£l is a 
clear refutation of Mr. Lavoisier's hypothefis ; for is it not 
evident, that the fame fubftance which, when a dilute acid is 
ufed, goes off in the form of inflammable air, does when 
a concentrated acid is ufed, to unite this acid, and thus 
form both vitriolic air and fulphur? In the firft cafe it 
cannot unite to the acid, by reafon of the large quantity 
of water combined with the acid ; and as the liquor, being 
moftly aqueous, contains a large quantity of fpecific fire, 
it receives that fire Vi^hen the acid unites to the metallic 
earth, and flies off in the form of air. But in the fecond cafe, 
the concentrated acid, containing much lefs fpecific fire, can- 
not expel the phlogifton in the form of inflammable air (as 
this air abforbs a vail: quantity of fire) but unites to it, when 
by heat it is further ftripped of its water, and thus forms both 
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wltrlollc air and fulphur. loo grs. of iron, diffolved without 
heat, afford upwards O'f 400 ol" vl^bl. 

100 grs. of the vitriol cryftallized cotitain 25 of iron, 20 of 
real acid, and 55 of water. When calcined nearly to rednefs 
thefe cryftals lofe about 40 of water, 

Ths- calces of iron are more or lefs foluble in this acid 
accordingto their degree of dephlogiftication. Thofe that are. 
phlogifticated (as that recently precipitated from a folution of 
vitriol by fixed alkalies) are alfo mod foluble, and upon eva- 
poration afford cryftals, thougli paler than thofe formed of ge- 
nuine Iron. Thofe that are leaft phlogifticated are alfo leaft 
foluble, that is, require more real acid for their folution, and 
afford no cryftals, but only a magma or mother liquor. Hence 
alfo, Solutions of iron newly made diminifti, and confequently 
phlogifticate tlie fuper-incunibent air, and confequeritly gra- 
dually emit phlogifton : and hence the calx, being more de- 
phlogifticated, gradually falls un lefs more acid be added to keep 
it in folution. 



Iron in the ntirous acid. 

100 grs. of iron, to be perfeftly diffolved, and not barely 
calcined, require 142 grs. of real nitrous acid, fo diluted as 
that its proportion to water ftiould be as i to 13 or 14; and 
when this laft proportion is ufed, the heat of a candle may be 
applied for a few ieconds, and the accefs of common air pre- 
vented. In this cafe not above i8 cubic inches of nitrous 
air are produced, all the reft is abforbed by the folution, 
and no red vapours appear. But if the proportion of acid 
and water be as i to 8 or 10, and heat be applied, a much 
greater quantity of iron will be dephlogifticated, though 
very little of it be held in folution ; and by this means 
I have; obtained from 100 grs. of iron, 83,87 . cubic inches 

¥01,. LXXIIL ■ ' D oi 
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of nitrous air ; and by diftilling the folution a ftill greater 
quantity may be obtained^- which was abforbed by the folution. 
No inflammable air is obtained from folutions of iron or 
any other metallic fubftance In the nitrous acid, becaufe this 
acid has lefs affinity to water, and more to phlogifton, than 
the vitriolic acid, and alfo contains much lefs fire than either 
the vitriolic or marine acids, as will be feen In the fequel, and 
therefore unites to phlogifton Inftead of barely expelling it. 
And hence it Is, that the vitriolic acid, though united with 30 
times its weight of water, will ftill vlfibly adl on iron, and fepa- 
rate inflammable air In the temperature of <,^° ; whereas nitrous 
acid, diluted with 15 times its weight of water, will have no 
vifible effe6l on iron In that temperature. 

The calces of Iron, If not too much dephloglfticated, are 
alfo foluble, though difficultly, in the nitrous acid. 

Iron in the marine add. 

100 grs. of iron require 215 of real marine acid for their 
folution. The proportion of acid to that of water In the fplrit 
of fait I ufed was as i to 4. When It Is as i to 4, it effervefces 
too violently. Heat is rather prejudicial, as It volatlllfes the acid. 
No marine air flies off, and the quantity of inflammable air Is 
juil the fime as if dilute vitriolic acid were ufed. 

The calces of Iron are alfo foluble in marine acid. They 
may be diftinguiffied from genuine iron In this, that their 
colour, when precipitated by fixed alkalies, is reddijh, whereas 
the precipitate of genuine iron is greentjh^ 

Copper in the vitriolic acid, 

100 grs. of copper require nearly 183 grs. real vitriolic acid 

for their folution. The proportion of acid to that of water 

'4 being 
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being as i to I, or at leaf!: as i to ^V, and a ftrong heat muft 
alfo be applied. I could never diffolve the whole of any quan- 
tity of copper ; but to diffolve a given quantity of it, a ftill 
greater muft be ufed in the proportion of nearly 28 to 100, 
though this refiduum alfo is foluble by adding more aci^. 
When copper has been dephlogiflicated in this manner, a folu- 
tion of it is ohtained by adding warm water to the dephlogifti- 
cated mafs. 

The dephlqgiftication of 128 grs. of copper treated In this 
manner affords 1 1 cubic inches of inflammable air, and nearly 6^ 
of vitriolic air. When I obtained inflammable the acid was a 
little more aqueous. The reafon why copper cannot be dephlo- 
gifticated by dilute vitriolic acid, nor even by the concentrate^, 
without the afliftance of a ftrong heat, as iron is, appears 
deriveable from its much ftronger attraftion to phlogiflon, and 
the much greater quantity of it which copper contains, as will 
hereafter be feen. Hence 

100 grs. of vitriol of copper contain 27 of copper, 30 of 
acid, and 43 of water, of which it lofes about 28 by evapora- 
tion or flight calcination. 

The folution of 100 grs. of copper affords ^y^ of blue 
vitriol. 

Copper in nitrous acid. 

100 grs. ofcopper require 130 of real nitrous acid to diflblve 
them. IS the acid be lb far diluted as that its proportion to 
that of water be as i to 14, the aflifl:ance of heat will be necef- 
fary, otherwife not. This folution affords 67! cubic inches of 
nitrous air. 

The calces of copper are alfo foluble in this acid.. 

D z Copper 
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Copper in marine acid. 

100 grs. of copper require 1190 grs. of real marine acid to 
diflbiV'e them, aud' alfo the afliftance of a moderate heat, the 
proportion of acid to that of water being as i to 44., that is, 
its fpecific gravity being i , 1 8'6, if a greater heat be ufed, more 
of theaeid will be requifite, asmuch will be diffipated. If the 
acid be more concentrated, it will z&. mqre vigoroufly. 

In my lafl; paper r mentioned, that 8| grs. of copper afforded 
86 <)f marine air: however, I muft now add a circumftauce 
which I then did not attend tOj which is, that the mercury 
over which that air was receivedwas aftedupon, lb that part of 
the air was due tathis acStibn, which invalidates the conclufioa 
i there drew concerning the quantity of phlogifton in marine 
air, which hence appears to be greater than I there eftimated it. 

The calces of copper are alfo foiuble in this acid, though not 
fo eafily as in the nitrous acid.. 

Tin in the vitriolic acid. 

100 grs. of tin require for their perfect folution 872 grs. of 
real vitriolic acidj, whoie proportion to water fhould not be lefs 
than as i to ^-o* aJiid alfo the afliftance of a ftjong heat; when 
the adllon of the acid baa ceafedj fom© hot water fliould be. 
added to the. turbid folution, and the whole again Jheated. This 
folution affords 70 cubic inches of inflammable air. Tin is alfo 
foiuble in a.moce dilute acid, but not in fo great quantity. 

The calces of tin (except that precipitated from marine acid' 
i5y fixed alkalies) are infoluble in this acid,. 

Tin 



the Aitradihe Powers of 3$neral Adds,. aa^ 

"Tin in the nitrous acid, 

I oo grs. of tin require, for tlieir perfeft folution, 1200 grs; 
of real nitrous acid, whofe jproportion to water fhould be at 
leaft as i to 25, and the heat not exceeding 60° : the quantity 
of air afforded by fuch folution is only ten cubic inches, and it 
is not nitrous. The folution is not permanent ; for in a few- 
days it depofits a whitifh calx, and if the weather be warm 
burfls the phial. The calces of tin are infoluble in this acid. 

Tin in the marine acid. 

100 grs. of tin. require for their {blution 413 of real marine 
acid, whofe proportion to water is as i to 4I,. and alfo the 
affiftance of a moderate heat. This folution affords about 90 
cubic inches of inflammable air and 10 of marine air. The 
calces of tin are nearly infoluble in this acid, 

JLead in the- vitriolic acid. 

100 grs. of lead require for their folution 600 grs. of real 
acid, whofe proportion to 'water is not lefs than that of 1 to 
^%-, and better if the quantity of water be flill lefs ; and 
hence, as with regard to copper^ a greater quantity of lead 
fliould be employed than is expelled to- be diffolved. A ftrong 
heat is alfo requifite,„and hot water ihould be added to the cal-* 
cined mafs, though fparingly, as it occafions fome precipita-* 
tion. 

This metal is alfo .foluble^ but in a very fmall degreei-iii 
dilute vitriolic acid ; for it effervefces with fpirit of vitriol- 
whofe fpecific gravity, is only 1,275.-. 

Th«^ 
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The calces of lead are fomething more foluble in this acid. 
loo grs. of vitriol of lead, formed hy precipitation, contains 
j^ of lead, 17 of real acid, and 10 of water. Vitriol of lead, 
formed by diretSl folution, contains a large prqportion of acid. 

Lead in the nitrous acid. 

100 grs. of lead require for their folution about 78 grs. of 
real acid, whofe proportion to that of water may be as i to n 
or 12, and the affiftance of heat towards the end. This Iblu- 
tion affords but eight cubic inches of nitrous air. The calces 
of lead are alfo foluble in this acid; but if much dephlogifti- 
cated they become lefs foluble. 

100 grs. of rninium require 8 r grs. of real acid. 

1 00 grs. of nitrous fait of lead contain about 60 of lead. 

head in the marine acid. 

100 grs. of lead require 600 grs. of real acid to diflblve 
them, when the fpecific gravity of the fpirit of fait is 1,141, 
and alfo the afEftance of heat, by which much of the acid is 
diffipated. A ftronger acid would diflblve more. 

The calces of lead are more foluble in this acid than genuine 
lead. 100 grs. minium require 327 grs. of real acid ; but 
white lead is much lefs foluble. 

100 grs. of horn lead, formed by precipitation, contain 72 
of lead, 1 8 of marine acid, and i o of water. 

Silver in the vitriolic acid. 

100 grs. of pure filver require to diflblve them 530 grs. of 
Teal vitriolic acid, whofe proportion to water is not lefs than 
that of I to -,-%, and when fuch a concentrated acidisufed, it 
a6ls flightly even in the temperature of 60° 1 but for a copious 

folution 
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folution a moderate heat is recjuifite. This folutlon affords 30 
cubic inches of vitrloHc air. Standard filver affords more air 
and requires more acid for its folution. The calces of filver 
(that is, filver precipitated from its folution in nitrous acid by 
fixed alkalies, and well-waflied, but which flill retains fome ni- 
trous acid), are foluble even iii dilute vitriolic acid, without the 
affiflance of heat. 100 grs. of vitriol of filver, formed by pre- 
cipitation, contain 74 grs. of filver, about 17 of real acid, and 
9 of water. 

Silver in the nitrous acid. 

loo grs. of the pureft filver require for their folution 36 of 
mere nitrous acid, diluted with water in the proportion of one 
part real acid to 6 of water, applying heat only when the folu- 
tion is almofl faturate. If fpirit of nitre be much more or 
much lefs dilyte, it will not a£t without the afiiftance of heat^ 
The laft portions of filver, thus taken up, afford no air. Stan- 
dard (\\vev requires about 38 grs. of real acid to diffolve the fame 
proportion of it. And the folution of it affords 20 cubic inches 
of nitrous air, whereas 100 grs. of filver, revived iiom luna 
cornua, afford about 1 4. 

Silver in the marine acid. 

I have not been able to diffolve filver, in its metallic ftate, in 
fpirit of fait, yet I believe it may be effected, if Sufficient time 
be allowed, as Mr. bayen, in his Treatife on Tin, p. 201. 
fays, he diffolved 3I grs. of filver by digefting it forforae days 
in two ounces of ftrong fpirit of fait. Leaf filver is alfo faid to be 
corroded by ftrong fpirit of fait, i newm. 70. The dephiogifii- 
cated marine acid alfo diffolves it, according to the obfervatlons 
of Meff. scHEELE and bergman; and fo does the phlogifti- 

cated 
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-cated In a vaporous ftate. lOO grs. of horn filver contain 75 
of filver, nearly 18 of aeld, and 7 of water. 

Gold in aqua regia. 

I made feveral experiments with, aqua regia, in wliich the 
■nitrous and marine acids were mixed in different proportions,, 
and found ;fi6^/ to ^fucceed beft, in which the quantity of real 
marine acid was to that of the nitrous as 3 to i, and both as 
^concentrated as poffible.; though If both be very concentrated, 
k is hard to mix them fo as to prevent a great quantity from 
efcaping, as they effervefce very violently fome time after mix- 
ture. 100 grs. of gold require 2^46 grs. real acid for their folu- 
tion, the two acids being in the above mentioned proportion. 

The ipecific gravity of the nitrous acid I ufed was 1,465, and 
that of the marine 1,178. The folution is better promoted by 
allowing it fufficient time than by applying heat. The heat I 
ufed did not exceed 90 or 100°. - Very little air is produced, and 
the folution is very flow. Aqua regia made with common fait 
or fai ammoniac and fplrit of nitre is much lefs aqueous, than 
that refulting from an immediate combination of both acids ; 
and hence is the fitted for the produftibn of cryftals of gold. 

Gold is alfo foluble In the dephloglftlcated marine acid, but 
in very fmall quantity, unlefs this acid be in a vaporous ftate, 
for in a liquid ftate it is too aqueous. In vitriolic and nitrous 
acids It is alfo Infoluble ; but the calces of gold are eafily folu- 
bie lu the marine acid, very flightly in the nitrous, and fcarce 
at ail in the vitriolic. Gold in its metallic flate may be diffufed 
through, but not dilTolved, by the couceutrated nitrous acid. 

.6 Mercury 
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Mercury in vitriolic acid. 

100 grs. of qulckfilver require for their folution 230 grs. of 
real vitriolic acid, whofe proportion to that of water is at leaft; 
as I to -/-g., and alfo a ftrong heat. The air produced is 
vitriolic. Precipitate, perfe, is ftlll lefs foluble. 

100 grs. of vitriol of mercury, produced by precipitation, 
contain 77 of mercury, 19 of acid, and 4 of vi^ater. 

Mercury in nitrous acid. 

100 grs, of mercury are diflblved by 28 grs. of real nitrous 
acid, whofe proportion to that of water is as i to i and ^y^, 
and without the affiftance of heat. Mercury is alfo foluble, 
but in frnaller quantity, in a much more dilute acid, with the 
affiftance of heat. The produ£t of air is about 1 2 cubic Inches 
or lefs, if heat be not applied. Mr. l avoisier found the pro- 
du6t of air much greater, which evidently was caufed by his 
ufing red or yellow fpiritof nitre, which already contains much 
phlogifton. When I diffolved a hundred grs. of mercury in 
three times more acid than was neceflary for its folution, and 
without heat, I obtained but 7 cubic Inches of nitrous air, and 
the folution was green ; but, on applying heat when the folu- 
tion was over, I obtained 2 more cubic inches, and then the 
folution was of the colour of oil of olives. 

Precipitate, per fe, is much more difficultly diffolved by 
nitrous acid than genuine mercury, which I attribute to the 
attradion of the aerial acid contained in the precipitate. 

Mercury in marine acid. 

The marine acid, in its common phloglfticated ftate, does 

not a£l on mercury, at leaft in Its ufual ftate of concentration ; 

Vol. LXXIII. E but 
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but Mr. HOMBERG, ill the Paris Memoirs for the year 1700, 
aflures us, he diffolved mercury in marine acid, whofe fpecific 
gravity was 1,300, by keeping it fome months in digeftion. The 
authors of the Cours de Chymie de Dijoh affirm alfo its folubility 
in this acid, though in very fn>all quantity. The dephlogifti- 
cated marine acid, in a vapourous ftate, certainly a£ts upon it, 
though while in a liquid ilate it is too weak, by reafon of its 
dilution. 

Precipitate, perjk^ h alfo fbluble in marine acid, with the 
afliftance of heat. 100 grs. of fublimate corrofive contain 77 
of mercury, 16 of real acid, and 6 of water. 100 grs. of 
mercurius dulcis contain 86 of mercury, and 14 of acid and" 
water. 

Zinc in vitriolic acid. 

100 grs. of zinc require for their fbiutibn loo: grs. of real 
acid, whofe proportion to that of water may be as 1 to 8, 16, 
or 1 2, applying heat towards the end, when the acid is almoft 
faturated. A fmall quantity of black powder always remains 
undiffolved. The product of inflammable air is 100 cubic 
inches.- It is foluble in the concentrated vitriolic acid, with the 
aid of heat. 

100 grs. of vitriol of zinc contain 20 of zinc, 22 of acid, 
and 58 of water. 

The calces of zinc, if not exceedingly dephlogijfticated, are 
alfo foluble in this acid. 

Zinc in nitrous acid. 

100 grs. of zinc require for their folution 125 grs. of real 
nitrous acid, whofe proportion to that of water is as 1 to 12, 
applying from time to time a flight heat. If a concentrated acid 

a be 
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be ufed, lefs will be dlflblved, as much of the acid will efcape 
during the efFervefcence. 1 could procure no nitrous air from 
the folution by any management, as the nitrous acid is in part 
decompofed during the operation. 

The calces of zinc, if not too much dephlogifticated, are 
alfo foluble in this acid. 

Zinc in Marine Acid. 

The fame quantity of zinc requires of this acid %io grs. 
the proportion of real acid in the menflruum being as i to g, 
and ufing from time to time a flight heat. If a lefs dilute acid 
be ufed, more real acid will be requifite, as much of it will 
efcape during the efFervefcence, 

The calces of zinc are alfo foluble in this acid, 

Bifmuth in vitriolic acid. 

200 grs. of oil of vitriol, whofe fpecific gravity was 1,863, 
diflblved but three grs. of wifmuth in a ftrong heat ; but 
flightly dephlogifticated a greater quantity. 400 grs. of fpirit 
of vitriol, whofe fpecific gravity was 1,200, diflblved but one 
grain. The calces of wifmuth are much more foluble. The 
folution of the 3 grs. afforded 4 cubic inches of vitriolic air. 

Bifmuth in nitrous acid. 

The folution of loo grs. of bifmuth require but 100 grs. of 
real nitrous acid, whofe proportion to water Ihould be as i to 
8 or 9. In this laft cafe, a gentle heat may be applied. This 
folution affords 44 cubic inches of nitrous air. The calces of 
bifmuth are alfo foluble in this acid. 

E 2 Bifinutb 
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Bifmuih in marine acid. 

400 gis. of fpirit of fait, whofe fpecific gravity is 1,220,, 
diilblved only 3 or 4 grs. of bifmuth. 

Nickel in vitriolic acid^ 

1 00 grs. of concentrated vitriolic acid diflblve about 4 of 
nickel, with the affiftance of a ftrong heat. The calces of 
nickel are much more foiuble. 

Nickel in nitrous acid^ 

100 grs. of nickel require for their folution 112 grs. of ni- 
trous acid, whofe proportion to water is as 1 to 1 1 or 1 2, 
affifted with a moderate heat. A concentrated acid a6ls fo rapidly 
that much is diffipated. The produft of nitrous air is 79 cubie 
inches. The calces of nickel are alfo foiuble in this acid^ 

Nickel in marine acid^ 

zoo grs. of fpirit of fait,, whofe fpecific gravity is 1,2 20, 
diflblved 4 or 5 grs. of nickel, without the affiftance of heat. 
A weaker acid difiblves lefs, and requires the affiftance of heat.. 
In all thefe cafes of difficult folution naore of the metal will be 
taken up by diflillation and cohobation ; but the proportion will 
be difficult to affign. 

The calces of nickel are alfb difficultly foiuble in this acid. 

Cobalt in vitriolic acid, 

100 grs. of cobalt require 450 grs. of real acid, whofe pro- 
portion to its water is not lefs than i to ^-^, and a heat of 
4 270° 
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270° at leaft. By pouring warm water on. the dephlogifticated 
mafs a folution is obtained. ^ 

The calces of cobalt are flill more foluble j even a dilute 
acid will ferve. 

Cobalt in nitrous acid^ 

100 grs. of cobalt requires 220 grs. of real nitrous acid^, 
whofe proportion to water is as i to 4, giving towards the end. 
a heat of 180°. 

The calces of cobalt are foluble in this acid» 

Cobalt in marine acid, 

100 grs. of fpirit of fait, whofe fpecific gravity is 1,1 78^ 
diffolves, with the affiftance of heat, 2| grs. of cobalt. A 
more concentrated acid will diflblve more. 

The calces of cobalt are more foluble in this acid. 

Regulus of antimony in vitriolic acid, 

100 grs. of regulus. of antimony require for their folution 
725 grs. of real acid, whofe proportion to water is as i to ^/-.,.. 
and a heat of 400°. More regulus (hould be employed than is 
expe£led to be diffolved, and the refulting fak requires a large 
quantity of water to diflblve it ; for the concentrated acid lets 
fall much when water is added to it. A lefs concentrated acid 
will alfo diflblve this femi- metal, but in fmatler quantity. 

The calces of antimony, even diaphoretic antimony, are 
fomething more foluble. 

Regulus of antimony in nitrous acid. 

100 grs. of this femi- metal require 900 grs. of real nitrous 
acid, whofe proportion to water is as i to 12, aided with a 

heatv 
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heat of iio\ The folution, however, becomes turbid in a 
;few days. 

The calces of antimony are fol\ible in a much lefs degree. 

Regulus of antimony in marine acid, 

loogrs. oflpiritoffalt, whofe Ipecific gravity is 1,220, diflblve 
about I gr. of regulus, with the affiftance of a flight heat. Spirit 
of fait, whofe fpecific gravity is 1,178, alio afts upon it, but 
diffolves flill lefs. I believe the concentrated acid would, in a 
long time, and with the help of a gentle heat, diflblve much 
more of it. 

The calces of antimony are much more foluble in this acid. 

Regulus of arfenic in vitriolic acid^ 

200 grs. of oil of vitriol, whofe Ipecific gravity is 1,871, 
diflblve 18 of regulus of arfenic in a heat of 250°. Of thefe 
about 7 cryftalize on cooling, and are foluble in a large quan- 
tity of water. 

The cakes of arfenic are more foluble in this acid. 

Regulus of arfenic an nitrous acid. 

100 grs. of this femi-metar require 140 grs. of real nitrous 
acid, whofe proportion to water is as 1 to 1 1, and the affiflance 
of heat. It is foluble in a lefs or more concentrated acid, but 
in a lefler degree. This folution affords 102 cubic inches of 
nitrous air. The barometer at 30, and the thermometer at 60. 

The calces of arfenic are alfo foluble in this acid. 

Regulus of arfenic in marine acid, 

100 grs. of fpirit of fait, whofe fpecific gravity is 1,220, 
diflblve if grs. of regulus of arfenic; the marine acid, in its 

common 



the AttraBltve Powers of Mineral Jlcids, j.i 

common dilute ftate, that is, whofe fpecific gravity is under 
1,17, does' not at all afFeft it. 

The calces of arfenic are lefs foluble in this acid than in the 
vitriolic or nitrous. 

We have now gone through moft of thebafes to which acids 
ire capable of uniting (manganefe and platina I have purpofely 
omitted, as I was not poffeffed of a fufficient quantity of either 
in that degree of purity re<]uiGte for exa£t experiments). We 
have alfo feen the quantity of the mineral acids requifite to 
faturate each bafis, except the metallic bafes, all' of which 
require an- exceft of acidj not only to diffolve them, as in moft: 
cafes much of it flies off with the phlogifton in an aerial form, 
but alfo to keep them in folution. The quantity of any bafis, 
taken up by a given quantity of any of thefe acids, is eafily 
fbund'; for if 100 grs. of any bafis tSiJce up, at the point of 
faturatibn, or require for their folution, the quantity a of any 
acid, the quantity taken up or diflblved by 100 grs. of that 

acid, will be -., 

a 

The proportion of ingredients which li have affigned to dif- 
ferent neutral falts- appears, at firft fight, very different from, 
that which Mr. bergman has afci-ibed- to them. This for- 
fome time made me very ujieafy, as I have the higbeft' confi- 
dence in the ikill and judgement of that excellent chymifi: ; but. 
on a ftrid examination I have found, that the difference is more 
apparent than real. Mr. bergman has never attempted to, 
afcertain the quantity of real zcaA in any fubftance; but has,, 
according to the cuftom of all preceding writers, beftowed the 
title of acid on thofe liquids which contain it in the mofi: con- 
-centrated, or at leaft in a very concentrated flate, but whicli. 

(liih 
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fllll confefl'ediy contain fome undetermined proportion of wa- 
ter, and by the quantity of water he commonly ynderftands 
that whicii is retained by cryflailization : thus, in his firft vol. p. 
137. he fays, that 100 grs. of vitriol of iron contain 23 of iron, 
39 of vitriolic acidj and 38 of water. But in his treatife De 
ProduSiis Vulcanicis, § 12. he fays, that 100 grs. of vitriol of 
iron eentain 24 of iron, 24 of dephlegmated VitnoVic acid, and 
52 of water ; and this laft calculation fcarcely differs from 
mine, as I aflign to 100 grs. of vitriol 25 of iron, 20 of real 
vitriolic acid, and 55 of water. The difference manifeftly 
arifes from the quantity of water ftill contained in his de- 
phlepmated acid. The mofl material difference between us 
regards the quantity of the mineral acids taken up by alkalies ; 
for, according to his and Mr. scheffer's experiixients, they 
take up more of the vitriolic than of the nitrous, and 
more of the nitrous than of the marine ; whereas, according 
to Mr. Romberg's, Dr. plummer's, Mr. wenzel's, and my 
experiments, this does not happen. This difference arifes in 
all probability from the different degrees of evaporation by 
%vhich the cryftals of thefe falts are obtained ; for which reafon 
I did not examine the quantity of the cryftals, which mufl: be 
variable, but that of dry fait, left after thorough evaporation. 
With regard to the quantity of earth and metallic bafis in dif- 
ferent falts, Mr. Bergman's experiments and mine agree almofl 
intirely. 

The advantages i-efulting from thefe Inquiries are very confi- 
derable, not only in promoting chymical fcience, which, being 
a phyfical analyfis of bodies, efientially requii-es an exa£t deter- 
mination, as well of the quantity and proportion, as of the 
quality of the conftituent parts of bodies, but alfo in the 
praftical way. Thus, in the firil place, it is well known, that 

feveral 
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ieveral important procefles are very inaccurately defcribed by 
antient chymical writers, and even by fome of a modern date, 
they frequently, for inftance, defcribe the acid they employed 
hj reference to the quantity of fixed alkali, eai-th, or metal, a 
•given quantity of fuch acid was capable of neuti-alizing or 
diflblving. Now the foregoing obfervations immediately in- 
form us of the quantity of real acid capable of performing that 
efFe£t ; the remainder, therefore, muft have been water ; and 
the quantity of real acid and water being known, the fpecific 
gravity is eafily found by the help of the foregoing tables, and 
thus an acid of the fame ftrength may be formed. Thus 
SCHLUTTER, in the beft treatife on Effaying yet extant *, in- 
forms us, that the beft aqua fortis for parting filver from gold 
is that of which a pound diflolves one mark, that is, half a 
pound of filver: then 1000 grs. of it fhould diffolve 500 of 
filver. Now, by the foregoing experiments, we find, that 
100 grs. of alloyed filver require 38 of real acid for their folu- 
tion ; confequently 500 grs. of filver will require 190 grs.; 
confequently 1000 grs, of fuch fpirit of nitre fhould contain 
190 grs. of real acid and 810 of water. Then recurring to 
the table of the nitrous acid, I find, by the rule of proportion, 
that the fpecific gravity of this acid muft be about 1,261 ; for 
as 190 is to Bio, To is 393 acid to 1675 of water. This pro- 
portion of water is fomewhat greater than that I ufed, but 
SCHLUTTER ufes a fand heat. 

2dly, The importance of this knowledge in the art of phar- 
macy is very obvious, efpecially with regard to medicines 
formed of metallic fubftances, whofe powers depend on the 
proportion of their ingrediexits, and their a6lion on each other. 

3dly, This degree of precifion muft tend confiderably to the 

* Vol. I. p, 333, French edition. 
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improvement of the arts of dying and enamelling, the pro- 
cejGTes by which many of their ing;redient& are procured being 
at prefent much too vague. Thus the procefs at prefent ufed 
for preparing the precipitate of CASSius frequently fails, the 
ftrength of the acids not being fufficiently afcertained. 

4thly, The ufes of this knowledge in the examination of 
mineral waters, and in eflaying of ores, have been amply 
proved in the elaborate treatifes which the celebrated berg- 
man has lately given us on thefe fubjeds. And I may further, 
add, that the knowledge of the quantity of acid requilite for 
the folution of different metallic fubftances may alfo furnifl? us 
with a new criterion for diftinguifhing them from each other, 
and the purer from their alloys, and in fome cafes inform us 
of the quantity and quality of the alloy :. thus, loo parts pure 
filver require lefs of the nitrous acid to diffolve them than 
I GO grs. of ftandard filver ; thus alfo, by diflblving iu fpirit of 
fait any metallic fuhftance fufficiently foluble thereiii, we may 
know whether it contains the fmalleft particle of filver, quick- 
lilver, or arfenic, as thefe are almoft infoluble therein, or of 
regulus of antimony, cobalt, nickel, or wifmuth, of which 
it alfo takes but a fmall proportion. 

But the end which of late I had principally in view, was to 
afcertain and 'meafure the degrees of affinity or attraction that 
fubfift betwixt the mineral acids, and the various bafes with 
which they may be combined, a fubje<5 of the greateil: impor- 
tance, as it is upon- this foundation that chymiftry, confidered as 
a fcicnce,, muft finally reft ; and though much has been already 
done, and many general obfervations laid down on this headj 
yet Co many exceptions have occurred even to fnch. of thefe 
obfervations as feemed to have been moft firmly eftablifhed, 
that not only a variety of tables of affinity have been, formed*. 

% but 
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but many very eminent cliymirts have been induced to doubt, 
whether any general law whatfbever could be traced. But, as 
the judicious bergman well obferves, it were much more rea- 
sonable to examine the circumftances of thefe exceptions, which 
undoubtedly arife from the introduftion of new powers, and 
lay down rules qualified with fuch reftridions as are obferved in 
the a£tion of thefe antagonift powers.. This is the plan I have 
followed ; but before I proceed to explain myfelf, I muft open 
the fubjed in a more general way. 

Chymical affinity or attradion is that power by which the 
Invifibie particles of different bodies intermix and unite with 
each other fo intimately as to be infeparable by mere mecha- 
liical means. In thk refpeft it differs from magnetic and 
eie9:rical attra£tion. It alfo differs from attra£lion of cohefion 
in this, that the latter takes place betwixt particles of almoft 
all forts of bodies whofe fvirfaces are brought into immediate 
<!ontad vi^ith each other ; for chymical attra6tion does not a£l 
v/ith that degree of indifference, but caufes a body already 
united to another to quit that other and unite with a third, and 
hence it is called ele^ive attra6liGn. Hence attradion of cohe- 
fion often takes place betwixt bodies that have no chymical 
attra£tion to each other ; thus regulus of cobalt and wifmmth 
have no chymical attraftion to each other, for they will not 
utiite in fufion, yet they cohere with each other fo ftrongly, 
that they can be feparated only by a ftroke of a hammer. 

Hence bodies, which refufe to unite to each other chymically 
when they are mofl minutely divided, as when both are in a 
vaporous or aerial flate, or when both are in a liquid flate, may 
be judged, in the firftcafe, to have none ; or in the fecond cafe, 
to have at beft but a wtrj fmnll affinity to each other. Bat 
jtiiofe that unit<2^ when one of them only is in a liquid ftate, 

F 2 m^j 
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may be faid to have a ftrong affinity to each othei-, and it Is 
thus that acids unite to alkalies, earths, and metals, for the 
moft part. 

In order to determine the degrees of affinity, Mr. geoffroy 
has laid it down as a general rule, that when two fubftances 
are united, and either quits the other to unite to a third, that 
which thus unites to this third fubftance niuft be faid to have a 
greater affinity to it than to the fubftance it has quitted. This 
undoubtedly is the cafe when only two attraftive powers are 
concerned ; thus, when felenite isdecorapofed by a cauftic fixed' 
alkali, it is evident, that the vitriolic acid has a ftronger affi- 
nity to the alkali than to the earth ; but in many cafes a de- 
compofition, feemlngly fingle, is in fa£l double, and the refult 
of the a6lion of more than two powers, and tlien it is not eafy 
to know which is the greateft, nor confequently to determine 
the degree of attraftion ; for inftance, the vitriolic acid unites 
to a mild fixed alkali, and expels the fixed air from it, yet it 
does not neceffarily follow, that the vitriolic acid attracts, or is 
attracted, by the alkali more ftrongly than the aerial acid ; for 
though there appears here only a fingle decompofition, yet in 
reality a fort of double decompofition takes place, the vitriolic 
acid giving out its fire to the aerial, while the aerial refigns the 
alkali to the vitriolic ; and hence a decompofition, might well 
take place, even on the fuppofition that the affinity of both, 
acids to the alkali was equal: therefore, to attain any certainty 
in this matter, it is neceffary toafcertain the quantity andforce, 
of each of the attradive powers, and denote it by numbers. 

Mr. MORVEAU was the firfi: who perceived the neceffity of 

this calculation, and he has accordingly communicated to us. In 

numbers, a table of the attraftive power of mercury with 

refped to metals ; but his method is incapable of being genera- 

^ llzed. 
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ITzed. Mr. wENZEL had alfo an eye to fuch calculation \ but 
Ills method is much more defe£live. It is only this, " To 
*' difcover (fays he) the quantity of affinity which the nitrous 
'''■ acid bears to the different fubftances with which it is capable 
^' of uniting, let fmall equal cylinders of each of the metals 
'' be covered over, except at one end, with melted amber, and 
'* then expofed to equal quantities of the fame fpirit of nitre, 
*' and in the fame temperature ; then let the times of the folu- 
" tion of each be noted. The affinity of the acid to eacb.of thefe 
*' metals wili be inverfcly as the times necejary for the foluiion of 
" equal quantities of them." And as he well knew that fpirit: 
of nitre, of the fame degree of concentration, would not adl 
equally on each of them, he required that it Ihould be diluted- 
in fome cafes, and undiluted in others, and allowance to be 
made for this in the fubfequent calculation. But alkalies and 
earths are here intirely omitted; and even as to metals no 
conclufion can be drawn by this method. Tin and regulus of 
antimony are moft rapidly attacked by this acid, lead and cop- 
per much more flowly ; yet it is well known, that its affinity 
to lead is much ftronger than its affinity to tin, and its affinity 
to copper greater than to regulus of antimony. Silver and 
quickfilver are more flowly diflblved, and yet the affinity of 
rhe nitrous acid to thefe metals,^ as will be feen in the fequel, 
is by far the greatefl. 

Neither can this method be in any wife applied to the eflima- 
tion of the affinities of the other mineral acids ; for though the vi- 
triolic and marine acids diflblve very {]owly,difficaltly, and fpa- 
ringly, feveral metals that are copioufly and readily diffolved by 
the nitrous, yet they both have a flronger affinity to thofe very 
metals than the nitrous has to them, as is evident with regard 
tofilver, mercury, and lead,, which are precipitated from the 

nitroii«>i 
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nitrous by the vitriolic and marine, though the two firft are 
infoluble in the marine, and all three difficultly foluble in the 
vitriolic. Accordingly, we do not find that Mr. wenzel has 
€ver made the propofed experiments, at leaft he makes no men- 
tion of their refult. 

The difcovery of the quantity of real acid in each of the 
mineral acid liquors, and the proportion of real acid, taken up 
by a given quantity of each bafis at the point of faturatlon, led 
me unexpe6tedly to what feems to me the true method of in- 
veftigating the quantity of attradion which each acid bears to 
the feveral bafes to which it is capable of uniting ; for it was 
impoffible not to perceive, 

Firft, That the quantity of real acid, necejfary tofaturate a 
given weight of each bafis, is inverfely as the affinity of each 
bafis to fiich acid. 

Secondly, That the quantity of each bafis, requifite tofaturate 
a given quantity of each acid, is direSily as the affinity of fuch 
acid to each bafis. 

Thus I GO grs. of each of the acids require for their flitura* 
tion a greater quantity of fixed alkali than of calcareous earths, 
more of this earth than of volatile alkali, more of this alkali 
than of magnefia, and more of magnefia than of earth of 
allsm, as may be feen in the following table. 

^antity of bafs taken up by loo grs. of each of the mineral acids. 



Vitriolic acid 
Nitrous acid 
Marine acid 



Veg fixed 


Min. 


Calcar. 


Vol. 


Mag. 


Earth of 


alkali. 


alkali. 


earth. 


alkali. 


nefia. 


alliim. 


Grs. 


Grs. 


Grs. 


Grs. 


Grs. 


Grs. 


1 2:5 


165 


no 


90 


80 


75 


2V5 


165 


96 


87 


75 


65 


^'S 


^5^ 


89 


79 


7' 


55 

As 
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As thefe numbers agree with what common experience, 
teaches us concerning the affinity of thefe acids, with their 
refpedive bafes, they may be confidered as adequate expreffions. 
of the quantity of that affiriity, and I {hall in future ufe them 
as fuch. Thus the affinity of the vitriolic acid to fixed vege- 
table alkali, that is, the force with which they unite, or tend 
to unite, to- each other, is to the affinity with which that fame 
acid unites to calcareous earth as 215 grs. to no ; and to that 
which the nitrous acid bears to calcareous earth as 215 grs. to 
96, &c. But before I proceed further in the comparifon of 
thefe forces, it is necefl'ary to fay fomething of the nature of 
faturathn,. 

A body is faid ta be faturated with another, when, it is fo 
intimately combined vi^ith thj^ other as to lofe fome peculiar 
charafteriftic property, which it poflelTes when free from that 
other. Thus acids poflefs the property of changing the juice 
of turnfol,. or infulion of litmus, red^ According to Mr^ 
BERGMAN One grain of the mofl. concentrated oil of vitriol will 
give a vifible rednefs to 172,300 grs. of thislnfufion, and one 
cubic inch of water, faturated with fixed air (the weakeft of 
all acids, as is generally thought) of which water takes up 
only about it s^ own bulk., and confequently 253 grs. take up 
only about half a grain, reddens 50 cubic inches, that is, 
about 1 2,650 grs. of the infufion. When acids lofe this pro- 
perty they are faid to be faturated : and if both bodies are fatu- 
rated, the compound is faid to be neutralized. 

If an acid be united to kfs of any bafis than is requifite for 
its faturation, its affinity to the deficient part of its bafis is as- 
tlie ratio which that deficient part bears to the whole of what the 
acid can faturate. Thus if 100 grs, of vitriolic acid be united 
to 55 parts only of calcareous earth, its affinity to. the deficient 

55 parts 
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55 parts (hould be eflimated half of its whole affinity, as <^5 
is the half of no; but its affinity to the retained part is as its 
whole affinity. 

I (hall now (hew how all decompofitions, in which thefe 
•tliree acids and the above mentioned bafes are alone concerned, 
may eafily be explained. 

In all decompofitions we ninil: confider, firft, the powers 
which refift any deconapofition, and tend to keep the bodies in 
their prefent ftate ; and, fecondly, the powers which tend to 
«fte<Sl a decompoiition and a new union. The firft I Ihall call 
quiefccnt affinities, and the fecond fort drvelknt. 

A decompofition will always take place when the fum of the 
divellent affinities is greater than that «f the quiefcent ; and, on 
the contrary, no decompoiition ""ill happen when the fum of 
the quiefcent affinities is fuperior to, or equal to, that of the 
divellent : all we have to do, therefore, is to compare the funis 
of each of thefe powers. Thus, if the folutions of tartar 
vitriolate and nitrous felenite be mixed, a double decompofition 
will take place, a true felenite and nitre being the refult of 
fuch mixture. 



Quiefcent affinities. 

Vitriolic acid to fixed veget. alkali 21 5 

Nitrous acid to calcareous earth 96 

Sum' of the quiefcent affinities 311 



Divellent affinities. 

Vitriolic acid to calcareous earth iio 
Nitrous Acid to vegetable alkali 215 



Sum of the divellent — 



325 



Hence a double decompofition muft neceflarily happen. 

The fame double decompofition will be produced if, in (lead- 
©f tartar vitriolate, Glauber's fait be ufed, i margr. 392,'; 
for' the fum of the quiefcent affinities is 261, and that of the 
divellent 275. Soalfb, if vitriolic ammm, he ukd for the fum 
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of the quiefcent is i86, and that of the divellent 195, or Ep- 
fom fait, I MARGR. 3po. Mem. Par. 1778, p. 339. or allum, 
iMARGR. 387. The determinations, however, with regard 
to aUum are not quite fo exact as the foregoing ; becaufe allum, 
whether vitrioHc, nitrous, or marine, conflantly retains an 
excefs of acid, the exadt point of faturation cannot be found as 
I have already remarked, and is well known : however, the 
fuperiority is on the fide of the divellent affinities, as it Ihould 
be. If, inftead of a folution of nitrous felenite, that of ma- 
rine felenite be mixed with the folutions of the above men- 
tioned vitriolico- neutral falts, the fame fort of double de- 
compofition will happen, and a true felenite will be formed, i 
MARGR. 382 ; and on calculation it v/ill be conflantly found, 
that the fum of the divellent conftantly exceeds that of the 
quiefcent affinities. 

So alfo, if a folution of tartar vitriolate be mixed with a 
folution of nitrous or marine Epfom, a double decompofition 
"will take place, though no vifible change' will appear in the 
mixed liquor, as vitriolic Epfom is exceeding foluble in water, 
and therefore is not precipitated as felenite is, on account of its 
infolubility, Mem. Par. 1778, p. 338. In the firfl cafe, the 
fum of the quiefcent powers is 290, and of the divellent 295 ; 
in the fecond cafe, that of the quiefcent is 286, anp of the 
divellent 295. 

If a folution of Glauber's fait be mixed with that of ni- 
trous or marine Epfom, an invifible double decompofition will 
alfo happen, Mem. Par. ibid. Hence Mr. quatremere 
nijoN~VAi., who lately denied this double decompofition (roz. 
Mai 1782, p. 392.) was certainly deceived. In the firfl cafe, 
the fum of the quiefcent affinities is 240, and of the divellent 
245 ; in the fecond cafe, that of the quiefcent is 236, and of 
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the dlvellent 238. Further, if a folution of nitre be mixed 
with a folution of marine felenite, an invinble double decom- 
pofition will enfue, Mem. Par. 1778, p. 341. ; thefum of the 
quiefcent powers being 304, and of the divellent 313. 

If a folution of nitrous Epfom be mixed with that of ma- 
rine felenite, a double decompolition will be the confequence, 
17 Roz. 393. : the fum of the quiefcent affinities being 1645- 
and that of the divellent 167. 

From all which I colle6t, firft, that the quantity of each 
affinity, as here determined, perfeftly coinciding with all the 
fa£ls hitherto known, whicL are pretty numerous, may be 
looked upon as exa£t or nearly fo. 2dly, That thefe decompo- 
fitions are perfectly confiftent with the fuperior affinity which 
hitherto has been generally afcribed to the vitriolic and nitrous 
acids with fixed alkalies over that which thefe acids bear to 
earths, and do not in the leaft infringe the received laws of 
affinities, as MeiT. marker, monnet, and lately Mr. coR-- 
NETTE, in the Memoirs of Paris for 1778, p. ^^(). do infinuatCo 
There is a fa6l, however. In that valuable repofitory of 
ehymical knowledge, Mr. CRELL's-Chymical Journal *,, which 
at firfl: fight feems contrary to one of the above determinations ; 
it is there faid, that if folutions of one part allura and two 
parts common fait be mixed together, evaporated to a certain 
degree, and fet to cryftallize, a glauber's fait will be found?. 
yet in this cafe the fum of the quiefcent affinities is 2'^^, and 
that of the divellent but 223. I repeated this experiment 
•without fuccefsj and indeed the author owns it never fucceeds 
but during the mofl: intenfe cold. 

If it does fucceed at all, the decompofition muff arife from a 
large excefs of acid In the allum, which aded upon, and de- 

* 6 THEIi, p, 78, 
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compofed the common fait ; and this explanation is confirmed 
by the fmall proportion of Glauber's fait, which is faid to be 
obtained by this procefs ; for from 30 lbs. of common fait and 
i6 lbs. of allum only, 15 lbs. of Glauber's fait were pro- 
duced ; whereas^ If the whole of the allum were decompofed, 
there (hould be formed, according to my computation of the 
proportion of acid in difterent falts, 29! lbs., and, according 
to Mr. Bergman's, 22 lbs. of Glauber's fait. 

Befides thefe powers there exifts another which neutral falts 
poflefs, of uniting to certain fubftances, without fufFering any, 
or but a very fmall, decompolition ; and thus forming /n^/e 
falts, and fometimes quadruple. This often caufes anomalies, 
and has not as yet been fufficiently inveftigated *. Volatile 
alkalies in particular poffefs this power ; and hence, perhaps, 
arifes the difference between Mr. Bergman's table and mine, 
with regard to them and magnefia ; for though, when perfectly 
cauftic, they do not perfe£lly precipitate magnefia from Epfom 
fait, it is becaufe they combine with this fait and form a triple 
fait. 

According to my table, the three inineral acids have the 
fame affinity to vegetable fixed alkalies, which will undoubtedly 
appear extraordinary to many, as it is well known, that the 
vitriolic acid decompofes both nitre and fait of fylvius ; but it 
fhould be remarked, that tartar vitriolate is alfo decompofed by 
the nitrous and marine acids, as Mr. baume, margraaf, 
and BERGMAN, have found ; and nitre is decompofed by the 
marine acid, as Mr. cornette has (hewn at large in the Me- 
moirs of Paris for 1778; and not only thefe falts, but alfb 
«?lauber's fait and vitriolic ammoniac, are decompofed by the 

* In my next paper I fliall examine fome exceptions arifiiig from this fource. 

G a nitrous 



44 ^^f- kirwan's Expermefits and Ohfervatmn on 
nitrous acid ; and alfo thefe falts, together with cubk nitre. 
and nitrous ammoniac, are decompofed by the marine acid, as- 
Mr. BERGMAN and Mr. cornette have remarked : all which 
Ihew, that thefe decompofitions are the efFeft of a double afEnitj» 
or at leaft of compound forces. I always fufpefted they arofe 
from the different capacities of rliefe acids for elementary fire ;, 
but as the fubje<5t appeared to me of importance, for greater, 
certainty I made a feries of experiments which differ frona. 
thofe hitherto made in. feveral refpe£ts, particularly in this, 
that no heat was applied, and the decompofitions were difco'- 
vered, not. by cryftallization, hut by tefts. 

Firfl,, I procured equal weights of each of the mineral acids,s 
containing each the fame quantity of real acid ; and throwing, 
each fuddenly on an ounce of the fame oil of tartar, I had the. 
following refults, the temperature of all, before mixture,, being. 
68° of FAHRENHEIT. loo grs. of vitriolic acid, containing, 
26,6 grs. of real acid projected on 480 of oil of tartar, raifed, 
the thermometer to 138°, 

100 grs. of fpirit of nitre, which alfo contained 26,6 grSo- 
real acid, projedted in the fame manner on 480 grs. of the 
fame oil of tartar, produced a heat of 120°. 

loo grs. of fpirit of fait, whofe fpecific gravity was 1,22a, 
and which contained 26,6 grs. of real acid, proje£led on the 
above quantity of the fame oil of tartar, raifed the thermo- 
meter from 69 to 1 29". 

Hence it follows, that the vitriolic acid contains more fpeci- 
fic fire, or at leafl gives out more on uniting to fixed alkalies,, 
than either the nitrous or marine;, and, therefore, when the 
vitriolic acid comes in contaft with either nitre or fait of fyl- 
vius, its fire paffes into thefe acids, which are thereby rarefied 
to a great degree, and are thus expelled from their alkaline 

bafis. 
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Bafis, whicH is then feized on by the vitriolic. This explana- 
tion is confirmed by the following experiments. 

Into 400 grs. of fpirit of vitriol, whofe fpecific gravity was; 
1,362, I put 60 grs. of nitre. The thermometer fell from 68 
to 60, and during this time the nitrous acid was not expelled, 
for I put in fome filings of copper, and they were not in the 
leafl afted upon ; but in five minutes after, they vifibly efFer- 
vefced, which (hews that the nitrous acid began to be expelled. 

Again, to 400 grsof oil, of vitriol, •whofe fpecific gravity was 
i;,87o, I put 60 grs. of nitre : the thermometer immediately rofe 
from 68 to 105°, and the nitrous acid was expelled in the forms 
©f a vifible fume. Thefe experiments prove, firft, that neutral' 
falts are not decompofed, by mere, folution, in an acid different 
from that which they poflefs. adly, That the nitrous acid, 
being converted into vapour, had imbibed a large quantity of 
fire. But as the vitriohc, in both thefe experiments, was in 
much larger quantity than was neceflary to faturate the alka- 
line bafis of the nitre, I put 60 grs. of nitre into 64 of the 
above fpirit of vitriol, which contained the fame quantity of 
real vitriolic acid as the 60 grs. of nitre did of the nitrous, and; 
added 40 grs. of water, and alfo a few grains of filings of cop- 
per. In lefs than two hours the copper was a£led upon, and 
confequently the nitrous acid was expelled. 

Again to about 400 grs. of oil of vitriol, whofe fpecific gra- 
vity was 1,870, I put 100 grs. of common fait ; it immediately 
effervefced, and gave out the marine acid in the form of a white 
vapour. A thermometer held in the liquor rofe but 4°; but; 
when placed in the froth it rofe to 1 0°, and fell again on being 
put into the liquor : whence it follows, that the vitriolic acid 
gave out its fire to the marine, and that this latter received 

more 
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more than it could abforb even in the ftate of vapour, an3 
lience communicated heat to the contiguous liquor. 

From thefe experiments it is evident, that the nitrous and 
marine acids receive fire from the vitriolic, and are thrown into 
a vapourous ftate, or at leaft fo much rarefied as to be expelled 
from their alkaline bafis, notwithflanding that their affinity to 
■that bafis may be equally flrong with that of the vitriolic. 

I next proceeded to examine how tartar vitriolate and Glau- 
ber's fait are decompofed by the nitrous acid. Into 400 grs. 
of fplrit of nitre, whofe fpecific gravity was 1,355, and which 
contained about 105 grs. of real acid, I put 60 of pulverifed 
tartar vitriolate. The thermometer, which flood at 68°, was 
not in the leaft afFe£led by {landing in this mixture, and there 
was fcarceany fign of folution. To try whether the vitriolic 
acid was difengaged, I threw ir/to the liquor a few grains of 
powdered regulus of antimony: in 24 hours the vitriolic acid 
was in part difengaged, for the regulus was afted upon, and 
the liquor became greenifli. This femi-metal being foluble in a 
mixture of the vitriolic and nitrous acids, but in neither fingly, 
ihowever, a great part of the tartar vitriolate flill remained un- 
diilblved. Afterwards I put the Isime quantity of tartar vitri- 
iolate into 400 grs. of fpirit of nitre, whofe fpecific gravity was 
1,478 ; the thermometer rafe from 67 to 79°, the tartar vitri- 
olate was quickly diffolved, and the -regulus of antimony 
ifhewed the vitriolic acid was difengaged. 

Hence it follows, that in the laft experiment the nitrous acid 
•having the fame affinity to the alkaline bafis as the vitriolic, but 
giving out, during the folution, more fire than was neceflary 
ito perform the folution, the vitriolic receiving thi§ fire was dif- 
engaged ; for as it cannot unite to alkalies without giving out 
:fire, fo when it receives back that fire it raufl quit them. The 

reafon 
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reafon why the nitrous acid, which fpecifically contains lefs 
fire than the vitriolic, gives out fo much, is, that its quantity 
in both thefe experiments is far greater than that of the vitri- 
olic, it being in the firll as 105 to 17 ; and in the fecond as 
158 to 17. 

For this reafon, to 60 grs. of fpirit of nitre, whofe fpecific 
gravity was 1,355, I added 1000 grs. of water, and into this 
dilute acid I put 60 grs. of tartar vitriolate, which contained' 
exadlly the fame quantity of acid as the 60 grs. of fpirit of 
nitre. After eight days the tartar vitriolate was almoft intirely 
diffolved, yet I could perceive no fign of its decompofition, 
and after evaporation no nitre was found. Hence I conclude,, 
that the nitrous acid can never decompofe tartar vitriolate 
without the afliftance of heat, but when its quantity is fo 
great that it contains confiderably more fire, and by the a6l of 
fdlution is determined to give out this fire. The decompofition 
of Glauber's fait and vitriolic ammon. (neither of which, as 
Mr. BERGMAN obferved, is ever total) may be explained in the 
fame manner; whereas the vitriolic, ever fo dilute, decom- 
pofes both nitre and nitrous ammoniac totally. Tartar vitriolate 
is alfo decompofed by the marine acid, though very (lowly, for 
the fame reafon, and in the fame circumllances, as it is decom- 
pofed by the nitrous acid, as appears by the following experi- 
ments. Into 400 grs. of fpirit of fait, whofe fpecific. gravity 
was 1,2:0, I put 60 grs. of tartar vitriolate. The thermo- 
meter was not in the leaft affedled, and the ialt diflblved very 
flowly. To try, whether the vitriolic acid was difengaged, I 
added fome pulverifed bifmuth ; in twelve hours part of the 
bifmuth was diffolved, and could not be precipitated by 
the affufion of water, a fign that it was held in folutioa 
by the compound acid, which alone hath the property of 
5. preventing 
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preventing its precipitation by the afFufion of water, as Mr„ 
WENZEL has difcovered. Here the quantity of marine acid was 
much greater than that of the vitriolic, and confequently it 
contained more fire ; but this circurrtftance alone is not lufficieiit, 
at muft befides be determined to give out that fire by the aft of 
folution. This appears by the experiments of Mr. cornette ; 
for when he mixed half an ounce of tartar vitriolate, previoujly 
dijfohedm water with two ounces of fpirit of fait, the tartar 
vitriolate was not decompofed, Memoirs, Paris, 1778, p. 49. ; 
for it being already diffolved, no cold or heat "was generated by 
mixing it with the fpirit of fait, andconfequently the latter did 
Bot give out any fire. Mr. cornette aifo obferved, that Glau- 
ber's fait is eafier decompofed by the marine acid than tartar 
vitriolate; this I have alfo experienced, and the reafon is, firil:, 
becaufe glauber's fait is more eafily foiubie in fpirit of fait 
than tartar vitriolate ; and, fecondly, becaufe its alkaline bafis 
takes up a greater quantity of the real marine acid than of the 
vitriolic, whereas the bafis of tartar vitriolate takes up an equal 
quantity of both acids; confequently the marine gives out 
more fire in uniting to the bafis of Glauber's fait than on 
uniting to that of tartar vitriolate. 

Vitriolic ammoniac is aifo decompofed by the marine acid 
for the fame reafon ; but in all thefe cafes the quantity of the 
marine acid muft much exceed that of the vitriolic, or no de- 
compolition will take place. The decompofition of nitro- 
neutral falts by the marine acid depends on the fame principles. 
Mr. CORNETTE found, that cubic nitre was more eafily decom- 
pofed than prifmatic nitre, and accordingly, during the folu- 
tion of prifmatic nitre, only 3° of cold were produced ; but, 
during that of cubic nitre, the thermometer fell 6°, a fign 
that the fpirit of fait gave out more fire in the latter cafe than 

in 
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in the fo.rmer, and its qiiaiitlty m.uft: always be greater than 
that of the nitrous acid contained in the mineral alkaline bafis, 
becaufe this bafis requires for its laturation more of the marine 
than of the nitrous acid, as we liave already feen. 

Yet the nitrous acid, in its turn, decompofes fait of iylvius 
and common fait, as Mr. ?jargraf has (liewn ; but it muft 
always be in grea.ter quantity than the marine, in order to con- 
tain a fufficient quantity Oif fire for that eiFed. To 40D grs. of 
cologrilels ;fpirit o^ nitre, wliofe fpecific gravity was 1,478, \ 
put 60 grs. pf cpmpion fait, it quickly eftervefced and grew 
red; yet the thermqmeter rofe but 2", a fign that the marine 
acid had abforbed the greater part of the fire which the tlitrous 
had given out, and was thus expelled : befides, in this cafe, 
the fuperior affinity of the nitrous acid to the mineral bafis 
haftened the dgcprnpofitrion ; and lience tjhe decompofition hap- 
pens without folution, vvhqrejis the ixiarine acid does not de- 
compofe cubic nitre until it has diflplyed it, which is worthy 
of notice. This mutual expulfiloti of the nitrous and marine 
acids by each other is the true reafon why aqua regia may be 
made, as well by adding nitre or nitrous ammoniac to fpirit of 
fait, as by adding common fait or fal ammoniac to fpirit of 
nitre, as Mr. cornette has well remarked. 

Seienite is decompofed neither by the nitrous nor by the 
marine acids, as Meff. chaptal and cornette have obferved. 
The reafon is evident on the above pVinciples ; it is diflblved by 
neither without the afliftance of heat, and then the folution is 
performed by ^ foreign heat, and not by that which thefe acids 
give out when they a£t without the afliftance of heat. 

Laftly, whenever a vitriolico-Jieutral fait, decompofed by 
either the nitrous or marine acid, is evaporated to a certain 
degree, the vitriolic expels thefe acids in its turn ; for the free 

Vol. LXXUI. H part 
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part of the former acids being expelled by the heat of evapora- 
tion, the neutral falts begin to cryftallize, and confequently 
give out heat ; but the vitriolic being then in greater proportion 
re-a£J:s on thefe falts, reftores their fpecific fire to their acid 
principle, and recbmbines with their alkaline bafis, as already 
explained. 

Hence, though allum is in reality decompofed by the nitrous 
and marine acids, yet when the folution of it in either of thefe 
acids is evaporated to a certain degree, the vitriolic acid, of 
which it contains a larger proportion than any other terrene 
fait, re-a£lson the nitrous and iiiarine allums, and expels their 
acids, as Mr. chaptal has (hewii. 

In explaining thefe phenomena I have all along fuppofed the 
do£trine of Dr. black to be well known, viz. that folids ab- 
forb heat during their folutiort. 'Both the heat ahd cold, pro- 
duced in different foliltions, feem to rrie to depend on the fame 
principle. If the menflruum gives out only Jo much of its fire 
as the folvend can abforb, or lefs, then cold is produced ; but if 
it gives out more'oi its fpecific fire than the folvend can abforb, 
this furplus becomes fenfible, and affcfts the thermometer by 
producing heat in proportion to its quantity. 

Of the affinity of the mineral acids to metallic fubjlances. 

Having thus, in every inftance, eftabliflied the agreement 
betwixt the quantity of any alkaline or terrene bafis, taken up- 
at the point of faturation by a given weight of any of the 
three mineral acids, and the quantity of affinity which each of 
thefe acids bears to fuch bafis,. I naturally extended my views 
■to metallic fubftances, to try whether this coincidence could be 
traced with regard to them alfo; but the difficulties that oc- 
curred in this inquiry were fo great, that the fame degree of 
certainty muft not be expeded as in the foregoing part. 

Metallic 
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Metaljic fubftaiices, when freefl: from all foreign mixture, 
are obtained either in a reguline ftate, or in that of a calx. 
Thcfe calces, if formed by .fire, arc conftantly combined with 
more or lefs of. the aerial acid, which is very difficultly ex- 
tracted from them, and very foon re-abforbed ; and if formed 
by folution, they as conftantly retain a portion of their fblvent 
or precipitant, fo that the preclfe weight of the really metalhc 
part is difficultly afcertalned. But tliough this fliould eafiiy be 
effe6led, ftlll they would for the moll: part be unfit for my 
purpofe ; becaufe molT: of them, wiien much dephlogiftlcated, 
are infbluble in fome or all the acids : hence I chofe metals in 
their metallic ftate for the fubjecfl of my experiments. Thefe 
confift of fpecifically dilferent earths and phlogifton, and of 
this they muft lofe a part before they can be diffolved in acids ; 
but, befides that which efcapes in an aerial form, much more 
of it, though feparated from the metallic earth, is yet retained 
in the folution by the compound of acid and calx. It is this 
calx, thus differently depblogifticated by the different acids, 
whofe proportion I endeavoured to afcertain. 

The great difficulty that occurred in this inquiry was, that 
of finding the exadl quantity of acid neceflary to faturate the 
metallic fubftances ; for all metallic folutions turn folution of 
litmus I'ed, and confequently contain an excefs of acid. And 
the reafon is, becaufe tiie falts, formed by a due proportion of 
metallic calx and acid, are nearly infoluble in liquids that do 
not contain a further quantity of acid ; and in fome cafes this 
quantity, and even its proportion to the aqueous part oj the liquor^ 
muft be very confiderable, as in folutions of bifmuth. Hence 
I in vain endeavoured, by cauftic alkalies and lime-water, to 
deprive thefe folutions of this excefs ; for when deprived even 
of onlj part of it, many of the metals precipitated, and all 

H z would. 
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would, if deprived of the whole of ir. On this account I was 
obliged to ufe different methods, of which I fliall here give an 
inftance. With regard to the folutlon of hlvcr in the nitrous 
acid, as it could be had extremely faturate I began with it. 
657 grs. of this folution contained, according to my calcula- 
tion, and allowing for the quantity of acid carried off in the 
nitrous air, 31,35 grs. of real acid, and 100 grs. of filver. Of 
this folution I found that 9 grs. gave a vifible red tint to as 
much of a dilute folution of litmus, as a quantity of fpirit of 
nitre, which contained -,-VtIis of a grain of real acid, and 
therefore I judged thefe 9 grs. to contain an cxcefs of acid, 
amounting to -.i^ths of a grain ; and if 9 grs. contain fuch an 
excefs, then the whole folution muft have contained an excefs 
amounting to 5-j.l5ths of a grain, deducing which from 31,38, 
we find the quantity of acid faturated by 100 grs. of filvcr to 
be 25,78 grs. In this manner I proceeded with moft other 
metallic folutions. The vitriolic folutions of tin, wifmuth, 
regulus of antimony, nickel, and regulus of arfenic, contain- 
ing a large excefs of acid, I faturated part of it with cauftic 
volatile alkali before I tried them with the infufion of litmus, 
and I ufed the fame expedient with the nitrous folution of iron, 
lead, tin, and regulus of antimony, and all the marine folu- 
tions. The proportion of vitriolic and marine acid taken up by 
lead, filver, and mercury, I determined by computing the 
quantity of real acid neceffary to precipitate thefe metals from 
their, folutions in the nitrous acid; and of all the determina- 
tions thefe appeared to me to be the moft: exadl. Hov/ever, as 
,all the vitriols of thefe metals are, though in a flight degree, 
foluble in the nitrous acid, I was obliged to redify the refult 
from other confiderations, and the fame neceffi ty occurred with 
jsegard to the marine falts of lead and mercury. 

The 
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The refult of thefe experiments was, that 100 grs. of each 
of thefe acids take up» at the pbfiut of faturation of each me- 
tallic'fubftance, dephlogifttcated tofuch a degree as is neoeflkr3r 
for its fokition in each acid^ the quantities expreflfed in the fol- 
lowing table, whicli denote their degree of affinity to each 
metal. 



TaBIe of the affinity of the three mineral acids ^ to metallic 

fubjiances,. 



100 grs. 


Iron. 


Cop- 
per. 


Tin. 


t«eaii. 


Silver 


Mer- 
cury. 


Ziuc. 


Wif- 
muth. 


Nickel 
320' 


Co- 
balt. 


Rcjr. Ot 

antimo. 
;200 


Reg. 01 
arfenic. 


Vitriolic acid 


276 


260 


138 


412 


390 


432 


318 


250 
310 


360 


260 


.Vitrous acid 


255 


255^ 


'120 


3^5 


375 


416 


304 


290 


300 


35° 


194 


220 


Marine acid 


265, 


265 


130, 


400 


420: 


438 


312 


250 

320. 


275 
310 


370 


198 


290 



Yet r cannot fay that thefe numbers are frecifeiy fuch as I 
Gould' extract from my obfervations ou the c6ldur of the folution 
of litmus; for thefe indications are Ho precarious that Idid not 
abfolutely confide in them, but adjufted the numbers, as I^ 
thought other phenomena; required.. However, the devia:tidn§ 
were not fo confiderable as to induce a doubt that metallic earths 
had not ahrioft all a ftronger affinity to the three acids thaii 
even fixed alkalies. Neverthelefsj the common itablesy which 
poftpone metallic fubftances to all others, „ are in reality jufl 1 
they only require a different. denomination, being in fafh taiMes 
of precipitation rather than of' ajinity, z^-'izt as they 'relate t6 
metallic fubftances,.cxpreffing by their order, -vihzt. metalliQ 
fubftauces precipitate others from the different acids. But thefe 
precipitations are conflantly the. refult of a double affinity and 

decompofition,. 
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decompofition, x\it precipitating metzl yielding its phloglfton to 
m\\g precipitated xaetzl^ while the precipitated metal yields its 
:&cx(}i to the precipitant. 'Nor has this efcaped the fagacity of 
Mr. BERGMAN, 2 N. A£t. Upf. 205.. who has even confirmed 
it by experiments which I have repeated, and found exaft. 
Thus, though copper, in its metallic form, precipitates filver 
and mercury from the nitrous acid with great eafe, yet the calK 
of copper wHl precipitate neither. The fuperior affinity of 
acids to metallic earths, in preference to alkalies and unmetailic 
earths, requiring further proof, I fliall here demon ftrate it in a 
few inftances, with regard even to thofe metals which are com- 
monly thought to have the leaft affinity to acids. And, firfl,; 
that the nitrous acid has a ftronger affinity to filver than to fixed' 
alkalies, appears by a curious experiment of Mr. monnet's 
(Diflblution des Metaux, p. 159.). If a folution of filver in 
nitrous acid be poured into s a mixed folution of fixed alkali and 
common fait, the filver will be precipitated by the marine acid 
of the common fait, and not by the free alkali contained in the 
liquor, for a luna cornua is found. Now if the nitrous acid had 
a greater affinity to the free alkali than to the filver, it is evi- 
dent, that the decompofition would be wrought by the free 
alkali, and then the filver would be precipitated pure, and not 
in the ftate of horn filver ; but as it Is precipitated in the ftate. 
of horn filver, it is plain, its precipitation was not effefted by a 
fingle but by a double affinity. From whence it alfo follows, 
that the marine acid has a greater affinity to filver than the 
nitrous has to fixed alkalies. I repeated this experiment with a 
folution of lead and alfo of mercury in the nitrous acid, and 
the refult was fimilar, horn lead and marine fait of mercury 
:being farmed. 

With 
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iWith regard to mercury, the experiments of Mr. bayen 

are well known: he has, fliewn that vitriol of lead and fuK 

corrofive can be deprived; of no more than half ©f their aeid 

even by cauftic fixed alkalies, 3 roz. 293. 

Again as to lead, if perfe<£lly dry common fait be pro- 
je£led on lea.d heated to incandefcence, the co^mmon fait will 
be decomposed, and horn: lead formed, r mar-graf. 35 and. 
38. Nor can this be attributed to the volatilization of the acid 
by heat ; for the alkali is as fi:xed as the lead'^ and mvift- there- 
fore be eaufed by the greater affinity of the calx of leady to. 
which, 'when dephlogifticatedj, the acid, can unite, Mr. sgheele 
informsusj that if afolution of common fait be digefted with' 
litharge, the common fait will be decompofed, and arcauftic 
alkali -produced^ scheele: on Fire,, p. 175. He alfo decom-^ 
pofes common fait by firaply letting its fplution flowly pafs 
through 'a funnel filled with powdered litharge. * Mr. tur- 
ner daily decompo-fes common fait by means of litharge. Mr„- 
scHEEi.E: alfo decompofes marine felenite, by means of litharge », 
through fimple mixture, without the afliftance of heat, and< 
the calcareous earth is feparated in a cauftic ftate ; which fhews. 
tiliaC this fait is decompofed, by the fingle fuperior affinity of 
the: metallic calx to the marine acid, scheele on Fire, p. 174. 

That acids have lefs affinity to volatile alkalies than to feve- 
ral metallic fubftances appears in llindry inftances,.- Horafilv^r/ 
is folublein volatile alkalies, as is well known.; rNow,, if this- 
fblution be triturated with four times its weight of mercury,, 
the marine acid will combine with the mercury, and not with., 
the volatile alkali ;, for a mercurius duJcis^: zi\<i'aot z (z\ ararno- 
niac, will; be formed, a&Mr> margraf has, fhewn,^, i ,fiiARG'« 
286. If two parts fal: ammoniac and? pne.,of filings, pf, iron bei 

* scHErFERiClij'mifche.EQcelesj. § 59= 

triturated^ 
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triturated together, the frnell of the vblatile alkali will imme- 
diiitely be perceived * ; or if^ inftead of iron, iriinium, or diapho- 
retic antimony, or zinc, be ufed, that fmejl is perceived as 
foon as they are mixed, 9 Mem, Scav. Etrang. p. x^'^^. monnet, 
Diff Met. 209. But it vvill naturally be alked, how then it 
happens, that all metallic folutions are precipitated by alkalies; 
and earths? The anfwer is eafy ; all metallic falts are held in 
folution by an excefs of acid. If alkalies and earths did nothing 
more than abforb this excefs of acid, a precipitation ought 
to take place; but they do ftill more, for they take up the 
greater part even of the proportion of acid neeefiary to faturate 
the metallic earth, and this they are enabled to do by means of 
a double affinity; for during the folution of metals, only a 
comparatively fmall part of the phlogifton efcapesout of the 
folution, the remainder is retained by the compound of acid 
and calx : when, therefore, an alkali or earth is added to fuch 
a folution, the phlogifton quits the acid, and re-combines with 
the calx, while the greater part of the acid unites to the preci- 
pitant. Notwithftanding this great affinity of metallic earths 
to acids, falts, whofe balis is a fixed alkali or earth, are in few 
inftances decompofed by metals or their calces, by reafon of 
the inability of the acids while combined with thefe bafis, and 
thereby deprived of a great part of their fpecific fire, to volati- 
lize the phlogifton combined with the metallic earths, which 
mu'ft neceffarily be expelled before an acid can combine with 
them. And as to metallic calces, they are generally combined 
with fixed air, which alfo muft be in part expelled. 

But ammoniacal falts, containing much more fire (for they 
abforb fire during their fornfiation) for that reafon ad much 
more powerfully on metals. Allowing then the affinity of the 

* MONNEt, Diflbl. Met. 71. 
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^mineral acids to metallic fubftances to be as above, all double 
decompofition in which only falls, containing thefe acids united 
to alkaline terrene or metallic bafes, are concerned, admit of 
an eafy explanation ; nay, I am bold to fay, they cannot other- 
wife be explained. Thus if a folution of tartar vitriolate, and 
of filver in the nitrous acid, be mixed in proper proportions 
(which is always to be underftood), nitre and vitriol of filver 
will be formed, and this latter for the moft part precipitated. 



Quiefcent affinities. 

Nitrous acid to filver - 375 

Vitriolic acid to vegetable alkali 215 

Sum of the quiefcent - 590 



Divellent affinities. 

Nitrous acid to vegetable alkali 215 

Vitriolic acid to filver 39O 

Sum of the divellent powers 605 



So alfo if, inftead of ti folution of tartar vitriolate, that of 
GLAUBER*s fait, or of vitriolic-ammoniac, or felenite, Epfom, 
or allum, be ufed ; for in all theife cafes the balance is con- 
ftantly in favour of the divellent powers, yet the folutions of 
felenite and allum produce but a flight precipitation. 

I alfo found, that the folution of filver is precipitated by the 
vitriolic folutions of iron, copper, tin, and probably by many 
other vitriolic folutions, if for no other reafbn at leafl for this, 
that they conflantly contain an excefs of acid ; but if a fatu- 
rate folution of filver be mixed with a very faturate folution of 
lead or mercury in the vitriolic acid, the filver will not be pre- 
cipitated, as I have obferved ; and in both cafes the balance is 
in favour of the quiefcent affinities. 

The nitrous folution of filver is alfo decompofed, and the 
Ijilver precipitated by all marino neutral falts, whether the bafis 
be alkaline, terrene, or metallic, as I have experienced, and 
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thefe decompoiitions are conitantly indicated by the balance of 
alfmities exhibited as above. 

In the fame manner filver is precipitated from the vitriolic acid- 
fey marino neutral falts, whether their bailis be alkaline, terrene,; 
©r metallic, as I have found on trial, and as the balance of 
affinities requires.. 

The nitrous folution of lead is alfo decompofed, and the 
lead for the moft part precipitated (unlefs the folution be very 
dilute) in the form of vitriol of lead hy z\\ the vitriolico neutral 
falts ; and alfo by all the marino neutral falts, except marine 
fait of iilver, which only precipitates it by virtue of its excefa. 
of acid. • 

The marine folution of lead is decompofed by all vitriolico 
neutral falts^ except felenite and vitriol of nickel, which can 
©nly precipitate it by virtue of an excefs of acid. 

The nitrous folution of mercury is alfo decompofed, and the 
mercury for the raofl: precipitated in the form of vitriol of 
mm-cury by all vitriolic neutral falts,. except vitriol, of lead,, 
which can only decompofe it by an. excefs of acid.. 

Nitrous folution of mercury is alfo decompofed' by marino 
neutral falts, except the marine fait of filver and lead, which, 
can only afFed it by an excefs of acid. 

Vitriol of mercury is alfo decompofed by marino neutral. 
falts, which decompofitlon is alfo apparent by expofing the an- 
tagonift powers ; yet a precipitation does not always appear as I 
have remarked, particularly when marine allum is ufed, which 
I attribute to the fiicility with which a fmall quantity of the 
marine fait of mercury is foluble in an excefs of acid. Marine 
fait of filver decompofes vitriol of mercury, only through its 
excefs of acid, 

a ,Hence 
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Hence we fee why horn filver can never be reduced by fixed 
alkalies without lofs, as Mr. margraaf has fiiewn, i makgr. 
277. ; nor could it be decompofed at all, but that the aftloa 
of heat helps that of the alkali. 

If to a folution of fubllmate corrofive oil of vitriol be added, 
a precipitation will appear ; but, as Mr. Bergman well 
remarks, this does not proceed from a decorapofition, but from 
a fubftraftion of the water heceffary to keep the fublimate 
diffolved. 

If to a folution of vitriol of iron fome nitrous acid be added, 
it immediately becomes turbid, becaufe the nitrousacid dephlo- 
gifticates the calx of iron too much, but the addition of more 
acid reftores the tranfparency, as the dephloglfticated calx is 
ftill foluble by a greater quantity of acid. I omit a number of 
other curious phenomena, which are explicable on thefe prin- 
ciples. 

I have affigned in the foregoing table two different affinities 
to the vitriolic acid with regard to wifmuth, and alfo to the 
marine add with regard to nickel and wifniuth. The firfl: 
fliews that which thefe acids bear to thofe metals, when de- 
phlogifticated only by folution in thofe acids. The fecond 
number, that which the acids bear to them when more dephlo- 
gifticated, as they are, when diffolved in the nitrous acid. On 
the other hand, all the acids have lefs affinity to the calces of 
iron, zinc, tin, and antimony, when they are dephlogifticated 
to a certain degree; but as I could give no criterion of this 
dephlogiftlcation, I did not attempt to Indicate the diminution 
it caufes in the affinities of acids. 
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Of the precipitation of metafs by each ether from the miiierat 

acids, 

I am now corae to the lafl point of my iuquiry, and the 
larjoft difficult to be fet forth with that degree of preciiion which. 
I have been enabled to attain in the former parts ;, for, in the 
firft place, it is neceffary to find the quantity of phlogiflon in 
each of them, not cnly in general, but according to tlaeiE 
various degrees of dephlogiftication by each of the acids. la 
this Isft partieular I cannot affert that 1 have attained any thing 
like a certainty, yet I hope what I advance may not be ufelefs 
to chymieal readers, as it is not altogether groundlefs, as it con- 
tradifts no chymieal faft, but, on the contrary, is agreeable 
to many, and affords a ready folution of all the phenomena*. 

Of the ahfolute quantity of phlogiflon in metals.. 

The proportion of phlogifton In metallic fubftances rela? 
ti\&\j to each other has been inveftigated In lb maflerly a man^ 
laer by Mr., bergman, that I lay It down as the ground of my 
inquiries. After his difcovery all that remained was to find the 
abfolute quantity of it in any one metal,, for then,, by an eaiy 
eafculation, it may be determined in all the reft.. The fubf 
ftance I; chofe for this purpofe was regulus of arfenic, as being, 
moft capable of dephlogiftication by nitrous acid,, though, 
not altogether {q."*: 

From ICO grs.. of regulus of arfenic, diffolved In dilute 
Bitrous acid, as already feen,, loa cubic inches of nitrous air 
and -pfk\% are obtained, barometer at 30°, thermometer at 60°. 
I muft add, that I made the experiment on 5 grs. only,, lb that- 
the calci^ilation relates only to the quantity of air which 100 

grs.. 
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grs. Jhould give. I repeated the experiment three times with 
the fame fuccefs. I attempted getting more air from the refi- 
duum left by a gentle evaporation, but though frelh fpirit of 
nitre grew red with it, the quantity of air was quite inconfi-' 
derable. 

Now this quantity of nitrous air contains 6,86 grs. of phlo- 
gifton,, according to the calculation to be feen in my former' 
paper;; and hence I conclude, that loo grs. of regulus of arfe- 
nic contains 6,86 grs. of phlogifton;. This regulus was made 
by Mr. wolfe, and perfectly bright. 

Hence the relative proportion of phlogifton in metals being'^, 
as found by Mr. bergman, and fet forth in the firft column; 
of the following table, the abfolute quantity will be as fliewii' 
in the fecond column* 



Relktive quantity of phlogifton. 


Abfolute q^antity»- 


roo grs. Gold 


- 


394 


34,82- 


Copper 


« 


313 


19^65 


Cobalt 


•»■ 


270 


ly.ot 


Iron 


- 


233? 


14,67 


Zinc 


- 


i8a 


1 1,46 


Nickel 


- 


156 - 


9,82 


Regulus of : 


antimony 


120 


7^5^' 


Tin - 


- 


114 


7,18 


Hegulus of arfenic 


109 


6,86 


Silver 


- 


1 00 


6,30 


Mercury 


- 


74 


4r5^ 


Wifmuth 


" 


57 


3^59 


Lead 


- 


43 


2,70 


This point being, 


as I conceived, of fome 


importance, I en^ 


^eavoured to afcertain 


I itftill further by other 


experiments: and? 



■as:' 
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as filver lofes a certain quantity of phlogifton, which efcapes 
and feparates from it during its folution in nitrous acid, I con- 
ceived, that if the folution was expofed to nothing from which 
it could re-obtain phlogifton, and thus diftilled to drynefs, and 
intirely feparated from the acid, as much filver fliould remain 
unreduced as correfponded with the quantity of phlogifton loft by 
it. And if this quantity of phlogifton correfponded with that 
affigned to filver in the foregoing table, that then this table was 
juft. 

For this purpofe I diflblved 120 grs. of clean filings of 
ftandard filver in dilute dephlogifticated nitrous acid, and 
obtained from it 24 cubic inches of nitrous air. This 
folution I gently evaporated to drynefs ; by the evaporation I 
found a little of the filver volatilized, but not more than a 
quarter of a grain. I then diftilled the dry refiduum, and kept 
it an hour in almoft a white heat in a coated green glafs retort. 
During the diftillation abundance of the nitrous acid pafled off, 
a green and white fublimate arofe in the neck of the retort, 
and fome pafled even into the receiver. When all was cold 
I broke the retort, the infide of which was penetrated 
into its very fubftance with a yellow and red tinge, and partly 
covered over with an exceeding fine filver powder, which 
could fcarcely be fcraped ofE The remainder of the filver was 
perfedtly white and free from acid, but not melted into a but- 
ton, and when colle(5ted weighed 94 grs. ; therefore 26 grs. 
were loft, that is, were fublimed or vitrified ; but of thefe 26 
grs. 9 grs. were copper (for 100 grs. ftandard filver contain 7! 
of copper) ; therefore, only 17 grs. of pure filver remained un- 
reduced, being either volatilized or vitrified. The whole quan- 
tity of pure filver in 120 grs. of ftandard filver amounts to 1 1 1 
grs. ; then if 1 1 1 grs. of pure filver lofe 17 by reafon of its 

lofs 
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lofs of phlogifton, loo grs. of pure lilver fhould lofe 15,3; 
and by the above table 15,3 grs. of filver ftioijld contain 
6,945 of a grain of phlogifton. Let us now fee whether this 
quantity of phlogifton correfponds with that which 100 grs. of 
pure filver really lofe by folution in nitrous acid. 100 grs. of 
pure filver afford, as already faid, 14 cubic inches of nitrous 
air, which, by my computation, contain 0,938 of a grain of 
phlogifton, which differs from 0,945 only by tZ-s-s- The un- 
reduced part of the filver was 15,3 grs.; and, by calculating 
what it {hould be by realbn of the lofs of the phlogifton con- 
tained in the nitrous air, it would amount to 14 and ^-^ths of » 
grain, a difference certainly immaterial. 

In this experiment, only as much of the filver fublimed as- 
could not regain phlogifton ; the remainder regained it from, 
the nitrous air abforbed by the folution, and alfo from that 
which remained united to the acid and calx. If this were not 
\Oy I do not fee why the whole of the filver would not fublime.- 

Again : Dr. priestley having feveral times diffolved mer- 
cury in the nitrous acid, and revivified it by diftilling over that 
acid, Gonftantly found a confiderable proportion of it unre- 
duced. To try whether that proportion correfponded with my 
calculation, I have examined the experiment which he made 
with moft care, and which is to be found in his 4th vol. p.. 
262. We there find, that having diflblved 17 dwts 13 grs. = 
321 grs. of mercury in nitrous acid, li dwt. that is, 36 grs. 
remained unreduced. Now, according to my calculation, 56 
grs. ftiould remain unreduced; for 100 grs. of mercury afford? 
12 cubic hjches of nitrous air; therefore 3 2 1 grs. fliould afford- 
38,52, which contain 2,58 grs. of phlogifton, and if (accord- 
ing to the table) 4,56 grs. of phlogifton be neceffary to metallize 
loogrs. of mercury, 2,58 will be neceffary to metallize 56 grs. 

of 
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of mercury : and I am fatisfied, from my own trials, that more 
than 50 grs. would be found unreduced if dephlogifticated ni- 
trous acid had been ufed in diflblving the mercury, and the 
folution performed with heat and a flrong acid ; but that which 
Dr. PRiESFLEY ufed, being tlie red or yellow fort, already 
contained much phlogifton, which contributed to the revivifi- 
cation of a larger quantity of mercury than would otherwife 
be found. It is true, that Dr. priestley afterwards revivified 
.l,,a great part of what originally remained unreduced ; but this 
happened after it was for fome time expofed to the free air, 
from which the calces of the perfect metals always attradl 
phlogifton, as is evident in luna cornua, which blackens on 
expofure to the air, and hence alfo proceed the reductions 
operated by Mr. bayen. 

But Dr. PRIESTLEY, to whofe luminous experiincnts chy- 
miftry is already fo much indebted, has been fo obliging as to 
furnifh me with fome which tend more dire£lly to elucidate the 
prefent queflion. 

In one experiment he found that nearly 5 dwts. of minium, 
from whence all its air was extra6led, that is, about 1 1 8 grs, 
abforbed 40 oz. meafures of inflammable, that is, 75,8 cubic 
inches = 2,65 grs. of phlogifton, and were then reduced ; 
then 100 grs. of minium Ihouid require for their reduction 
nearly 2,25 grs, of phlogifton. In another experiment, made 
^with more care, he found, that 480 grs. of minium abforbed 
108 oz. meafures of inflammable air; according to this then 
100 grs. of minium require for their redudlion 1,49 grs. of 
phlogifton ; and in two other experiments he found this quan- 
tity ftill lefs. Upon which I remark, firft, that the whole of 
the minium was not dephlogiflicated ; for, befides that it is 
never throughout equally calcined, much of it muft have been 

reduced 
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reduced durmg the expulfion of its air; fecondly, that the 
quantity of the phlogift^p iij the .inflammable air may havg 
been greater as this varies with its temperature, and the weight, 
of the atmofphere; fo that upon the whole thefe experiments 
confirm the refults exprefled in the table. 

Of the ^Jtity of metallic calces to -phlogifion. 

Thatt inflammable air or phlogifton is condenfed to a very 
confiderable degree by uniting, to, any metallic fubfl:ance,fo that 
its fpecific gravity is not only equal, but rnuch fuperioiv to that 
of the metallic earth with which it combines, may eafily be 
concluded from the example of fixed air, which, by uniting to 
calcareoxis earth, acquires a fpecific gravity equal to that of 
gold ; and hence, that metallic earth which condenfes .. phlo- 
gifton moft, and in greatefl quantity, uniting to it mbft clofely, 
may be (aid to, have the greateft affinity to it ; fo that if we 
could find the fpecific gravity of a calx perfeftly pure, both 
from phlogillon and fixed air, we could, by comparing its den- 
fity with that of the fame calx when metallized, know the 
denfity which phloglfton acquires by its union with fuch calx ; 
but to procure fuch calces hath hitherto proved impoffible, as, 
during their dephlogiftication, they combine with fixed air, or 
fome particles of their menftruum ; and hence their abfolute 
weight is increafed, though their fpecific gravity be fomewhat 
diminifhed. From this laft circumflance it appears, that the fpe- 
cific gravity of calces differs much lefs from that of their refpec- 
tive metals than does the fpecific gravity which the phlogifton 
acquires by its union with thofe calces, from that which it 
poffefles in its uncombined ftate ; in the fame manner as the 
denfity of quick-lime di.^ers much lefs from that of lime- 
ftone, than does the denfity which fixed air acquires by' its 
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union with quick-lime from that which belongs to it in its aeriaP 
ftate; and hence, inftead of deducing the quantity of affinity 
of metallic calces to phlogifton from the following propofition, 
Wa. that the affinity, of metallic calces to fhiogifion is in a com- 
pound ratio of its quantity and denfty ir^ each metal, I am obliged 
to deduce it from this other, viz, that the affinity of metallic 
calces to phlogiflon is diredily as the Recife gravity of the refpec- 
iive metalsy and inverfely as the quantity of calx contained in a 
given weight of thofe metals. This latter propofition is an ap- 
proximation to the former, founded on this truthj that tht' 
larger the quantity of phlogiflon in any metal isy. the fmalkr is the 
quantity of calx in a given •weight of that metal-, and that the 
denfty which the phlogiflon acquires, is as the fpecifo -gravity of 
the metal. This latter propofition^ however, is not exadly 
true,, for this denlity is much gi-eater; yet it is the neareft 
approximation J can. make, and- its defedl is fenfible only with 
regard to thofe metals which contain a confiderable quantity, of 
phlogjfton,. ws. gold, copper,, cobalt, and iron r with regard? 
to the reft it is of noimportaneei- 

Then the fpecific gravity of metiafe being as reprefented in. 
the firft column, of the following tablfe, the affinity of their 
calces to phlogifton will be as is ihewn in the fecond column.. 
The third, column exprefles- thefe affinities in numbers homo- 
genous with thofe which exprefs the affinities of acids with; 
^eir bafis.. 
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Specific gravity. 






Affinity of the calcei 














to phlogifton. 


Gold 


to 




19 


•- 


0,25 


IO4I 


Mercury 


'«> 




14 


■it 


0,147 


61 « 


Silver 


■ *e 




11,091 


- 


0,118 


491 


Lead 


- 




'^^^33 


- 


6,116 


* 483 


Copper 


*i 




8,8 


- 


0,109 


454 


Wifmuth 


■■ - 




9,6 


*' 


0,699 


4rz 


Cobalt 


^ . *» 




7^7 


- 


0^092 


- 383 


Iron 


* 




1^7 


j» 


6,090 


37S 


Regulus of arfenic 




8,3, 


* 


6,089 


37^ 


Zinc - 


<■ 




7>^4 


- 


OjoSi; 


340 


Nickel 


^ 




7^33 


A 


6,08 12 


- 33^ 


Tin * 


^ 




7» 


4^ 


0,075 


* 312 


Regulus of 


antimony 


6,86 


- 


0,074 


308 



Here we fee, that the calx of lead has a gfeater affinity to 
phlogiftpn than the calces ©f aiiy of the imperfeil metals, 
and hence its ufe in cuppellation ; for aftef it has loft its owA 
phlogifton, it extracts that of thcbafe metak, and thus pro* 
motes their calcination and vitrification . 

Though ,lhe numbers in. the feoond column eXprefs tolerably 
well the greater or leffer affinity of metallic calces to phlo* 
gifton, yet they have this inconvenience, that they are not 
homogenous with thofe that exprels tlie affinities of acids to 
other bafes, which limits their ufe to a narrow compafs, they 
feeing, on that account, incomparable with thofe that exprels 
the affinities of acids : I therefore endeavoured to find a coin- 
cidence between them in fome one inftance, in order to reduce 
them to the fame ftandard, as will be feen in the iiext para* 
graph. 
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0/ the affinity of the vitriolic acid to pUogifton mfidpbur. 

According to the principle above laid down, this affinity Is 
in a compound ratio of the quaiitity of phlogifton taken up by 
lOo grs. of the vitriolic acid and of the denfity it acquires by 
its union withtiie acid. Now lOOi grs. of fulphur contain 59 
of acid an(i4r of phiogifton, and the fpecific gravity of fulphur 
is 2,344 ; therefore, the lofs of weight of fulphur in water = 

= 42,66 grs. the lofs of weight of the acid part of the 

fulphur is —~^=^ 13,96 grs»; therefore, the i-emainder of the 

lofs of fulphur is the lofs of the phlogiftic part =28,70 grs. j 
then the abfolute weight of the phlogifton being 4 1 grs. its 

denfity will be 1,429 =-g - ; and fince 100 grs. of vitriolic add 

take up 70 of phlogifton its affinity will be 1,429 x 70=100, 
But if the affinity of the vitriolic add to phlogifton in fulphur 
had been fought in the fame manner with the affinity of metallic 
calces to phlogifton, the quantity would be the fame, though 
the expreffion of that quantity would be different, as relating 
to a different ftandard ; for by that method the affinity would be 
diredly as the denfity of the phlogifi:on, and inverfely as th-e 
quantity of vitriolic acid contained in 100 grs. of fulphur, that 

is, -^—-^=: ,02 4; therefore, this expreffion anlwers to, and is 

equivalent jto the former, ws;. 100. : By this means, I formed 
the quantities exprefled in the third column, which are homor 
genous to thofe whiqh exprefs the affinities of acids to their 
bafis. Thus, the affinity of the caix of gold to phlogiflon is 
1041, for ;; ,024 . 100 :: ,25 . 1041, &c. 
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The third point necefiary for the explanation of the pheno- 
mena attending the folutioxi of metals, and their precipitation 
hy each other, is to determine the proportion of phlogjjfton 
5 which they lofe by-Xokition in each of the acids, and the affi- 
Uiity which their calces bear to the part fb loft. I have not 
been able to determine this by any direct experiment ; : for 
■ though I might determine the part which efcapes in the form 
[of air, yet I could not that which is equally jfeparated from the 
metal, but retained in the folution ; yet from various collateral 
'confideratiqns I am induced to think, the proportion of phlo- 
g^fton, feparated from the metals by the different acids, is, at a 
medium, as exprefled in the following table. 





Iron. 


Cop- 
per. 


Tin. 


Lead. 


Silver. 


Mer- 
cury. 


Zinc. 


W.l- 
nauth. 


, bait. 


.Nickel 


Ritg. ot 
antitno. 


Keg. ot 
arfenic. 


3 


8 
I 


1 


■98 
I op 


Intirc 


S7 

100 


85 
I 00 


'85. 
10 


93 
100 


Intire 


97 
loo 


86 
100 


By vitriolic acid 


By nitrous acid 


2 

T 


81 

100 


1 


88 
100 


Intire 


1 


99 

IOC 


97 
I 00 


Intire 


Intire 


Intire 


9 9 

100 


By marine acid 


4J , 


■ 57 


3 
I 


6 
"10 






6 

I 


7 
I 


94 
I 00 


8 
I 


84 
100 


8 
I 


f I 00 


100 



On this fuppofition the affinity of the calces to the deficient 
part of their phlogifton may eefily be calculated ; for they may 
be confidered as acids whofe affinity to the deficient part of 
their bafis is as the ratio which that part beara to the whole, as 
already faid. Thus the affinity of iron, thoroughly deprived 
of its phlogifton, being 3,75., aS it lofes ^ds" of its : phlogifton 
by folution in the vitriolic acid, the affinity. of iron to thefe twa- 
thirds is ids of its whole affinity, that is, ^ds of ^j^ = 250.... 

Thefe affinities, together with thofe of the three acids to 

the feveral calces,, are reprefented together in the following 

:|abk. 

Vitriolic 
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tron. 


Cop- 
per. 


Tin. 


Lead. 


3il»er 


Mer- 
cury. 


Zinc. 


muih. 


Co- 
bait. 


Nickel. 


Reg. of 
antimo. 


Reg. of 
arfenic. 


Vitriolic acid 


270 


260 


138 


412 


390 


432 


318 


150.310 


360 


320 


200 


260,, 


Calx tophlog. 


9,50 


360 


218 


483 


491. 


532 


298 


350 


300 


333 


300 


320^ 


Nitrous acict 


255 


25,5 


120 


sH 


375 


416, 


304 


290 


3S0\ 


300 


194 


255 


Calx t.: phlog. 


250, 


.363 
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424 


491 


^52 
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400 


383- 


338 


308 


366 


Marine acid 


265 


265 


130 


400 


420 


438 


313 


'250.310 


370 


275.310 


198 


290 


Calx to phlog. 


i6s 


260 


104 


296 


491 500, 


200 


2bO 


360 


265 


240 


300 



The affinities of calces to phlogifton are taken at a medium'; 
for almoft all xnetallic llibftances are capable of greater or lefler 
dephlogijftication, according to the fpecies, concentration, and 
dephlogiftication of their menflruum. The more thej^ are 
dephlogifficated, the greater their affinity to phlogifton ; and, 
in general, the lefs their affinity to the mineral acids. Yet 
there is a point of dephlogiiftication at which the attraftion of 
acids to the calces is ftrongefl : thus the vitriolic acid attrads 
hifmuth moll ftrongly after it has been dephlogillicated by the 
nitrous acid 5 and the marine acid attradls both bifmuth and 
31 Lckdl more powerfully, when dephlogifficated by the nitrous 
or vitiiolic acids. 

From thefe data we may eafily conceive, in moll cafes, what 
will happen 50n putting one metal into the Iblution of another. 

Thus, if a piece of copper be put into a faturate folution of 
filver, the filver will be precipitated ; for the balance is in 
favour oi tlic divellent powers. 



i^uiefcen^ 
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Qulefcent affinities. 

Nitrous aeid to filver 

®alx of copper to pHlbgifton 



375 
363 



Divellent affinities. 

Nitrous acid to copper 
Calx of filver to phlogifton 



7r 



255' 
491 



Sum of the qiiiefceut affinities- 738 Sum of the divellent' -— 746 

The folutions muft be nearly faturate, elfe a large quantity 
of the added metal will be diflblved' by the free acid, before 
any precipitation can- appear ; yet it muft not be intirely fatu- 
rate, at leafl in feme cafes,, as will prefently be (een. 

liva^mmojl cafes, becaufe in fome, particularly where mer- 
cury, bifmuth,. cobalt, regulus of antimony or arfenic, are 
ufed, another power intervenes which has not yet been fully 
inveftigated,, viz. the, attradlion of calces to each other, which 
J ihall occafionally mention. 

It is worthy of obfervation, that the precipitating met&ls are 
more dephlogifticated by this means than by dired folution inp 
their refpe£tive menftruums, and are even diflblved by men- 
ftruums that would not otherwife affe(51: them ; becaufe their 
phlogifton is torn from them; by two powers inftead of one : 
thuSj though copper be diredly foluble in the vitriolic acid, 
only when this acid is. concentrated and heated to a great 
degree,, yet if a piece of copper be pvit int& a dilutis cold folu- 
tion of filver or mercury in the vitriolic of'acid, or even into a. 
dilute folution of iton, expofed, to the open air. It will be dif- 
folved; a circumftance whiehjuil:!/ excited the wonder of Mr. 
MARGRAAE and Mr. wenzel, wiio did not apprehend the 
theory of it : and hence we fee how. vitriol of copper" may be 
formed by nature, and why it always contains-a mixture of iron. 

Of folutions in 4 he vitriolic acid. 
This acid dlffolves iron and zinc, without the affiiance of 
lieat.;, becaufe its affinity to their calces is greater than the affi- 

5, J^i^y 
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aity which thefe calces bear to that portion of phlogiftoii 
which they muftlofe before they can unite to the acid, as may 
be feen by infpefting the table; but all other metallic fub- 
ftances unite to this acid only where it is concentrated and 
heated. 

Of folutlom in the nitrous- acid. ^ 

The nitrous acid has lefs affinity to all metallic fubftances 
than either the vitriolic or marine. It has alfo lefs affinity to 
them than they have to that portion of phlogifton which they 
mull lofe before they can unite to it ; yet it diflblves them all 
(gold and platiua excepted) even without the aid of heat be- 
caufe it unites itfelf to phlogifton unlefs too dilute; and the 
heat produced by its union with phlogifton is fufficient to 
promote the folution. 

But if it be too concentrated, it will not aft either on lead 
or filver, without the affiftance of heat, as boyle and boer- 
HaAVE have remarked* ; for the difference betwixt its affinity 
to thefe metals, and that of thefe metals to the portion of 
phlc^ifton which they muft lofe before they can unite to it, is 
very great ; and when it is very concentrated, the liquor does 
not contain fire enough to throw the phlogifton and it into an 
aerial form, and reduce the folid to a liquid ; the fame would 
probably be obferved with regard to mercury, if it had not 
been already in a liquid ftate. stahl has alfo remarked, that 
it produces very little heat in diflblving filver, and none in dif- 
folving'lead or mercury f . This is eafily explained, now that 
we know that filver contains but little phlogifton, and lead 
much lefs, the heat being evidently produced, according to the 

• I SHAWNS EOERH. 508. 2 SHAW's EOYtE 33^, 

if sTAHi- fur les fels i68. 

I law 



the AtiraSitve Powerrof Mineral Acids. 73 

law difcovered bj Dr. Crawford, by the union of phloglfton 
to the acid, for metallic calces produce no heat. As to mer- 
cury, the bbfervation is not exad;, for its folution is accompanied 
with heat, as Mr. lavoisier has bbferved, i lavois. 248. 

Of foluiions in the marine acid. 
This acid is known to dephlogifticate metals lefs than any 
other. Where the portion of phlogifton, neceffary to be fepa- 
rated, is more ftrongly attradled than the acid itfelf, it can 
c^erate no folution, or at leaft very flowly, without the aid 
of heat; nor even where the attraftion of acid is flronger to 
the calx than that of the portion of phlogifton it feparates, if 
the proportion of acidi to fuch calx be very fmall ; becaufe fo 
fmall a quantity of acid does not contain fire enough to volati- 
lize the phlogifton ; and hence heat is neceffary for the folution 
of lead in this acid. The dephlogifticated acid a£ts more 
powerfully. 

Of precipitations of and by iron, 

: The mutual precipitations of iron and copper from the 
vkriolic acid by each other, have been well explained in a ge- 
neral manner by Mr. monnet and Mr. bergman; I (hall here 
fhew the reafon of thefe precipitations more diftin^tly, 

-M a piece of copper be put into a faturate folution of iron, 
freih made, no precipitation will happen, nor will any of the 
copper be diffolved in twelve hours, nor even iti a longer time, 
if the accefs of air to the folution be prevented; but if the 
folution be expofed to tlite open air, the addition of a volatile 
alkali will ftiew the copper to have been a£led upon in 24 
hours, or fooner if heat be applied, and a calx of iron is pre- 
cipitated. The operation of the affinities in the firft cafe is as 
follows. 

Vol. I.XXIII. L Qiiiefcent. 
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Quiefcent; 

Vitriolic acid to calx of iron 2^0 , 

Copper to its phlogifton - 360 

Sum . » . 630 



Dlvelient. 

Vitriolic acid to copper 
Calx of iron to phlogifton 

Sura » » 



a6o 



Hence, In this cafe, no ^^cottipofition can happen ; but in 
the fecond cafe, much of the phlogifton of the folution of 
iron having efcaped, the ^fSnity of the calx of iron to acid is 
diminiflied, and that to phlogifton is inereafed, and therefore 
the quiefcent affinities may be fuppofed. 



Vitriolic acid to the calx of iron 
Copper to its phlogifton 



24^ 
360 

600 



and the divellent. 

Vitriolic acid to copper 
Calx of iron to phlogifton 



260 
37a 

630 



But from the inereafed affinity of the calx of iron to phlo- 
gifton it might be inferred, that as the iron recovers its phlo- 
gifton, the acid ftiouid re-a^ upon it and quit the copper ; and 
this would certainly happen, if it recovered its phlogifton in 
fufficient quantity, but the accefs of air and heat prevents its 
retaining it, at leaft in fufficient ijuantity. 

This inereafed affinity of the calx of iron to phlogifton is not 
a mere fuppofition ; for, if into a folution of iron, {o far de- 
phlogifticated as to refufe to cryftallize, fome frefli iron be put, 
the impoveriflied calx will re-attra<ft fo much of the phlogifton 
given out during the folution of the frelh iron, that it will 
now afford cryftals, as Mr. moNnet has obferved in his excel- 
lent Treatife on Vitriolizatlon, The diminiftied attraction of 
the calx of iron to acids is alio evident ftom this experiment, 
4- and 
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and alfo from the neceflity ©f adding more acid to a turbid 
folution of iron, in order to re-eftablifh its tranfparency. The 
calces of copper alfo precipitate a dephiogifticated folution of 
Iron, as they fhould, the affinity of the acid to fuch calx of 
iron being 240, and that to copper being 260. With regard to 
the folution of iron in nitrous acid, the fame thing happens ; 
but as this folution Contains a large excefs of acid, a portion of 
copper is diflblved even before any of the iron is precipitated. 

With regard to a folution of iron in the marine acid, though 
expofed to the open air, copper precipitates nothing from it in 
24 hours. 

But if a clean piece of iron be put into a folution of copper 
In the vitriolic acid, the copper is immediately precipitated ; for 
here the quiefcent and divellent affinities exhibited in the firft 
fcheme are reverfed, the quiefceHt becoming the divellent, and 
vice verfd. It is needlefs to add, that copper is in the fame 
manner precipitated by iron from the nitrous and marine acids. 

Hence the practice of extra£ting copper from fome mineral 
waters by means of iron. Thefe waters, therefore, furnifti 
afterwards, by evaporation, vitriol of iron ; but it is remarka- 
ble, that this vitriol is much paler than the common, and lefs 
fit for dying, 2 schlutter 507. The reafon of which is* 
that it is more dephiogifticated, not only becaule old iron is 
chiefly ufed, but becaufe copper, containing more phlogifton 
than an equal weight of iron, deprives it of more of its phlo- 
gifton than it would lofe if barely diflblved in the vitriolic 
acid. 

Caft iron, according to schlutter, will fcarcely precipi- 
tate a folution of copper; and in effeft Mr, Bergman has 
found that it contains lefs phlogifton than bar iron. 

L 2 I have 
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I have always found filver to be fafily precipitated from its 
foiiation in the nitrous acid byjiron. The fum of the quiefcent 
affinities being 625, and that of the divellent 746 ; yet Mr., 
BERGMAN obferved^ that a veryfaturate folutipn of filver was 
veiT difficultly precipitated, and only by feme forts of iron, 
even though the foiution was diluted, and an excefs of acid 
added to it* ; the reafon of this curious j>henoraenon appears to 
xnededucible from a circumftance firft obferved by Mr. scheelEj, 
in diffolving mercury, namely, that the: nitrous acid, when 
faturated with it, will take up more ; of it in its metallic 
formf. The fame thing happens in diflblving filver in the 
nitrous acid in a ftrong heat ; for, as I before remarked, the 
laft portions of filver thrown in afford no air, and confequently 
are not. dephlogifticated. Now this compound of calx of 
filver, and filver in its metallic form, may well be unprecipitablcs 
by iron, the filver, in its metallic form, preventing the calx, 
from, coming in contaft with the iron, and extracting phlor 
gifcon from it : and hence alfo, iron has fometimes been ob- 
ferved not to precipitate a foiution of mercury in this acid ;|;. 

It has been long thought, that iron may be precipitated from, 
acids by zinc, though newman long ago denied it ; but Mr. 
BERGMAN has fatisfadorily cleared up this point, by fliewing 
that zinc cannot precipitate iron from the vitriolic acid, until: 
the foiution of iron lofes part of its phlogifton. With regard, 
to the nitrous acid, I found, that zinc does not precipitate iron ;. 
but, on the contrary, iron precipitates zinc ;- but in a fhort 
time the acid re-diffolves the zinc, and lets fall the iron, which, 
evidently proceeds from the too great dephlogifi:ication of the 
calx of iron. But zinc precipitates iron from the marines. 

* Differt. de Phlog. Quantkate in Metal, p. 6. 
f 39, suENSK. Handling, p. JO, 
+ 2 Crell. Nev, Entdeck. p, 266. 

though 
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though with difficulty ; for after 24 hours the galls ftill ftruck 
a; black. I fliould alfo add, that iron does not precipitate zinc 
from the vitriolic acid. 

Moft metallic fubftances, precipitated by iron from the ni- 
trous acid, are in fome meafure re-diffolved fhortiy after, as 
the nitrous acid foon dephlogifticates the iron too much, then 
lets it fall, and re-a£ts on the other metals and re-dilTolves 
them. 

The precipitation of the argillaceous earth from aHum by 
iron is owing to the excefs of acid in the allum which firft 
dephlogifticates the iron; and when this is dephlogifticated, it 
attrads the acid more ftrongly. Earth of allum, on the other 
hand, precipitates iron when the folution of iron is dephlo- 
gifticated by heat. It may alfo produce this efFe£l by depriving 
iron, of its excefs of acid which keeps it in folution. 

Of precipitations of and by copper. 

When filver is diflblved in the nitrous acid, and a piece of 
copper is put into the folution, it fometimes happens, that the 
iilver is not precipitated, as Dr. lewis has obferved *. This 
happens either when the nitrous acid is fuperfatu rated with 
filver having taken up fome in its metallic form, as already 
obferved; or when the filver is not much dephlogiflicated, for 
then its affinity to phlogifton, which is the principal caufe of 
its precipitation, is lefs than 491 ; therefore, the remedy is to 
heat it and add more acid, by which it is dephlogiflicated fur- 
ther. However, the nitrous acid always retains a little iilver. 
SCHLUTTER. 362. Hift, Mem. Par. 1728. 

It is commonly faid, that if filings of copper be put into a 
boiling folution of allum, vitriol of copper will be found, and 

■'* Comraercium Philof. p. 157. 

tlie. . 
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the earth of allum precipitated. If this were true it would be 
very furprifing, as copper is foluble, even with the affiftance of 
heat, only in the concentrated vitriolic acid. Hence I made 
the experiment, and found, that after 30 hours boiling not 
the fmalleft particle of copper was dii?blved, for the colour of 
the folution was not altered by volatile alkalies : and though the 
allum was precipitated, it ftill retained its faline form, io that 
it loft only its excefs of acid in this experiment. 

Of precipitations of and by tin. 

Tin is not precipitated, in its metallic form, by any metallic 
fubftance ; and the reafon is, becaufe its precipitation is not the 
efFed of a double affinity, but of the fingle greater affinity of 
its mehftruum to every other metallic earth. Metals that are 
precipitated from the nitrous acid by tin, are afterwards re- 
diffolved, becaufe the acid foon quits the tin, it becoming too 
much dephlogifticated. 

Of precipitations of and by lead. 

Metals diffolved in the vitriolic and marine acids, and preci- 
pitable by lead, according to the indication of the balance of 
affinities, are yet flowly precipitated, becaufe the firft portions 
of lead that are difTolved form falts of difficult folution, which 
cover its furface, and proteft it from the further a<3:ion of the 
acid ', and yet it contains fo little phlogifton, that a great deal 
of it muft be diffolved before it gives out enough to precipitate 
the diffolved inetals. 

Mr. BERGMAN obfcrved, that a very faturate folution of lead 
is difficultly, if at all, precipitable by iron. Does not this 
alfo arife from fome lead being taken up in its metallic form ? 
Iron does not precipitate lead from the marine acid, though a 

pre- 
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precipitate appears ; for this precipitate ftill retains the maruie 
acid: on the contrary, lead precipitates iron from this acid, 
though very flowly. 

Of precipitations of and hy mercury. 

Though the difference betwixt the qmefcent and divellent 
powers be very fmall, yet mercury is quickly precipitated from 
the vitriolic acid by copper ; becaufe the attradlion of the calx 
of mercury to phlogifton is very ftrong, and a very fmall pro- 
portion of that contained in copper is fufficient to revive it. 

Silver does not precipitate mercury from the vitriolic acid, 
unlefs it contains copper, and then it does precipitate it; yet if 
{ilver and turpeth minerall be diftilled, the mercury will pafs in 
its metallic form, wenzel 42. ; which fhews that the affinity of 
calx of mercury to phlogifton is increafed by heat. The difierence 
betwixt the quiefcent and divellent powers is indeed very fmall. 

Silver appeared to me to precipitate mercury from the nitroxis 
acid, though very flowly, when the folution of mercury was 
made wi^'h heat, and not over faturated ; but when the folu-. 
tion of mercury was made without heat, it was not at all pre- 
cipitated. On the other hand, mercury precipitates filver from 
this acid, not by virtue of the fuperiorlty of the ufual divellent 
powers, but by reafon of the attra<5lion of mercury and filver 
to each other, for they form partly an amalgama and partly 
vegetate, and fcarce any of either remains in the folution* 
The fame thing happens, that is, they vegetate, if folutions of 
both metals in the famte acid be mixed together. 

Silver does not precipitate mercury from> the folution of 
fublimate corroiive ; but, on the contrary, mercury precipi- 
tates filver from the marine acid: and if a folution of horn 
filver in volatile alkali be triturated with mercury, the filver 

will 
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will be freed from its acid and calomel formed, x margraai' 
284. ; and yet, if calomel and filver be diftilled, the mercury 
will pafs in its metallic form, and horn lilver will be formed, 
ibid. 2''>6. The fame^ thing happens if filver and fublimate 
corrofive be diftilled, i pott. 338. stahl des/eh, 306 ; the 
affinity of calx of mercury to phlogifton increaling witli the 
heat. 

Of precipitations of and by hfmuth. 

With refpe£t to the vitriolic acid I have made the fum of the 
quiefcent and divellent powers equal, though in fa£t fome- 
times the one preponderates and fometimes the other. Wif- 
muth precipitates nothing from vitriol ^f copper in 1 6 hours ; 
nor does copper from vitriol .of wifmuth. Copper is faid to 
precipitate wifmuth from the nitrous acid ; but I have alfo feea 
copper precipitated from this in its metallic form by wifmuth. 
The variations proceed from the different dephlogiftication <?£ 
copper. 

Of precipitations of and hy nickel, 

Unlefs nickel be pulverifed It fcarcely precipitates any metal. 

Zinc precipitates a black powder from the folution of nickel 
in the vitriolic and nitrous acid, which Mr. bergman, by a 
method peculiar to him, has (hewn to confift of arfenic, nickel, 
and a little of the zinc itfelf. The arfenic attrading the calx 
of nickel * ; but zinc precipitates nickd from the marine acid. 

The folution of iron in vitriolic acid a^ls on nickel, and 
that of nickel in this fame acid afts on iron ; but neither pre- 
cipitates the other in 24 hours; but on longer reft, iron feems 
to have the advantage ; but iron clearly precipitates nickel 

* 1 suENSK. Handling. 17B0. 
1 from 
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from the nitrous acid ; and though nickel feems alfo to precir 
pitate iron, yet this arifes only from the gradual dephlogiftica- 
tion of the iron. 

Nickel precipitates copper in Its metallic form from the 
vitriolic acid. It alfb precipitates copper from the nitrous and 
marine acids; but copper precipitates arfcnic from a nitrous 
folution of nickel. The vitriolic and nitrous folutions of lead 
feem to a£l in fpecie on nickel, that Is, to diflblve it without 
any decompofition, the calces uniting to each other. The vi- 
triolic and nitrous folutions of nickel for fome time a6t on lead 
In the fame manner j but at laft nickel leems to have the ad- 
vantage. With regard to the marine acid, lead feems to have 
the advantage, though a black precipitate Is feen, whichever 
of them Is put Into the folution of the other. 

Nickel readily precipitates wifmuth from the vitriolic and 
nitrous acids ; but as to the marine I found each of thefe feml- 
metals foluble in the folution of the other, yet nickel precipi- 
tates wifmuth very flowly, and only as to part; and wifmuth 
precipitates a red powder, which I take to be ochre, from the 
folution of nickel. 

Nickel and tin are {lightly aded on, each by the fait of the 
other ; but the precipitations are as Indicated by the balance of 
affinities, 

0/ precipitatims of and by cobalt. 

Cobalt Is not precipitated either from the vitriolic or nitrous 
acid by zinc ; but It feemed to me to be precipitated by zinc 
from the marine acid. 

Though iron precipitates cobalt from the three acids, yet I 
found much of the cobalt retained both by the vitriolic and 
nitrous acids, particularly the latter, which, after letting fall 

Vol. LXXIII. M the 
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Ae cobalt, afterwards re- takes it, and lets fall the dephlogiftis- 

cated calx of iron. 

Nickel alfo, though it does not preeipitate cobalt itfelf, as- 

appears by the remaining rednefs of the fblutiony yet conflantly 

precipitates fome other heterogenous fiibftance from it. The 
folution of cobalt in the marine acid becomes colourlefs by the- 
addition of nickel. 

Wifmuth is fol,uble in the vitriolic and nitrous fblutions of 
cobalt, and caufes a fmali white precipitate, but does not affe<£t 
the truecobaltic part. Thefe folutions in vitriolic acid eannofef 
be attributed to an excefs of acid, as they are made in a dilute; 
acid, and without heat. Copper alfo precipitates a white fub- 
flance from the nitrous folution of cobalt, which I take to be 
arfenic. 

It is difficult to procure either nickel or cobalt very pure r it 
is evident thofe I ufed were not fo. 

Of predpiiations of and by regulus of antimony. 

Copper neither precipitates, nor is precipitated from, the 
vitriolic acid by regulus of antimony, at leafl: in three days ; 
but vitriol of antimony in fpecie diffolves it flowly. 

The regulus is alfo a£l:ed upon by vitriol of lead, for It be- 
comes red after remaining i6 hours In the folution of that vi- 
triol; and lead fcarcely precipitates it from the vitriolic acid. 

I alfo found, that powdered regulus precipitates vitriol of 
mercury very (lightly. 

Wifmuth neither precipitates, nor Is precipitated by, this- 
regulus from the vitriolic acid in 24 hours. 

Though tin precipitates this regulus from the nitrous acid,, 
yet if the regulus be put into a folution of tin in this acid, iii 
16 hours neither will be found in the folution, either 
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lay reafon of the dephlogifticatlon, or of the unloil of the 
•calces to each other. 

Iron does not precipitate this regulus Intirely from the marine 
acid, but a triple fait feems to be formed, confifling of the 
acid and both calces. The regulus is alfo foluble in marine fait 
of Iron. 

Neither does copper precipitate the regulus from marine acid 
in 1 6 hours; and if the regnlus be put into marine fait- of 
copper it will be diflblved, and volatile alkalies will not give 
a blue but a yellowiih white precipitate, fo that here alfo a 
triple fait is formed. 

Of Precipitations of and by regulus of arfenic. 

The folutions of arfenic aft in moil: cafes like two acids: 
thus iron, copper, lead, nickel, and zinc, are afted on by 
vitriol of arfenic (that is, its folution in vitriolic acid) but 
fcarce give any precipitate. 

Neither does iron precipitate arfenic from the nitrous acid, 
but copper does, and even lilver gives a flight white precipitate ; 
but regulus of arfenic precipitates filver completely in 1 6 hours. 
Hence the former precipitate feems to be a triple fait. 

Mercury alfo flightly precipitates arfenic from the nitrous 
acid, and feems to unite to it,' yet is itfelf precipitated by 
regulus of arfenic in 24 hours. 

Wifmuth forms a flight precipitate in the nitrous folution of 
arfenic ; but regulus of arfenic forms a copious precipitate in the 
nitrous folution of wifmuth ; fo that I believe the calces unite. 

Nickel does not precipitate arfenic from the nitrous acid, but 
both calces unite ; but regulus of arfenic produces a copious pre- 
cipitate in the nitrous folution of nickel, yet the liquor continues 

M 2 green ; 
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green ; fo that certainly the nickel is not precipitated ; the white 
precipitate xa this cafe feenis to be {lightly dephlogifticated 
arfenic. 

This regulus alfo caufes a white precipitate in the nitrous 
folution of cobalt, but the liquor ftill continues red. 

With regard to the marine acid, copper precipitates the 
regulus, but volatile alkalies do notftrike a blue with this folu- 
tion, which fhews the copper unites with the arfenic. Iron 
alfo precipitates the arfenic Tin is foluble in marine folution 
of arfenic, but I could obferve no precipitate, nor does regulus 
of arfenic precipitate tin. 

Neither wifmuth nor the regulus of arfenic precipitate each 
other from the marine acid in 1 6 hours. Regulus of antimony 
is alfo a6led upon by the marine folution of arfenic, though it 
caufes no precipitate, nor does the regulus of arfenic precipitate 
it. 




